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Now Even Greater 
Effectiveness 


WEAR CANAL 
THERAPY 


R D | 
ANALGESIC 
for OTITIS EXTERNA 
FURUNCULGSIS Anti-allergic + Anti-inflammatory 
STOMYCOSIS Otamylon with Hydrocortisone is a clear, odor- 
OTITIS MEDIA 
Sulfamylon® HCI 5% 
Benzocaine 5% 
Excellent Topical Tolerance « No Systemic Effects Hydrocortisone . 0.02% 


The addition of hydrocortisone to the Otamylon formu- 
lation greatly enhances its effectiveness against infectious 
processes involving the ear canal ond ear drum. Exudation, 
erythema, itching and sensation ot fulness subside rapidly. 

Otamylon with Hydrocortisone is effective against all 
commonly encountered ear pathogens. 


Also available for highly effective topical chemotherapy 
on skin, mucous membranes, etc., and in peritoneal cavity: 


Svlfamyion 5% solution (1 fi. oz. and 8 fi. oz.) 


Sulfamyion with Streptomycin—5% solution (100 cc.) 
with streptomycin 20 mg. (20,000 units). 


Anhydrous glycc! q.s. 100 
Manner of Use: 2 or 3 drops or moistened 
wick applied three or four times daily. 


Supplied: Combination package with drop- 
per: Otamylon (13.4 cc.) and hydrocortisone 
solution (2 cc.) to be mixed prior to dispensing. 


LABORATORIES 


Otemyion and Sultamy!on (brand of mafen:de) 


wodemorks reg. U.S. Pot. OFF. 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers, 


e their component antibiotics rarely sensitize. 


i brand Polymyxin B-Gramicidin-Neomycin 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


brand Polymyxin B-Bacitracin-Neomycin 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


é 
brand Polymyxin B-Bacitracin-Neomycin 
with Hydrocortasone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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ALL AMERICAN * ATHLETIC GLASSES 


Designed for rough treatment 


Your athlete patients will receive maximum 
comfort and protection during competition 

if they wear 444 AMVER/CAN * ATHLETIC GLASSES... 
practical and useable on all noses for 

almost every sport. 


“Cushion Fit’’ shock absorbent 
Extra sturdy all-metal frame . rubber nose piece 


Ends and temples 
covered to protect 


Drop-ball tested safety 
precision lenses 


Prices on request. Expansible, adjustable 


A com plete sample may be 
ordered at nominal cost 
ang supplier or 

SON OPTICAL COMPANY. For your protection and ours, 


look for the trademark ArA 
*Copyright 
Since 1913 


on the lenses of every pair of 


ALL AMERICAN 
ATHLETIC GLASSES. 
COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 


Executive Offices * Minneapolis 2, Minn. 


new 800-page book 


800 pages of pertinent information on all phases 
of contact lenses. 


197 illustrations, many in fuli color. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


Just published: $15 per copy. 
Send your order to: 


3) More than 600 papers and textbooks cited in bibliography. 

5) 


49 East 51st Street, New York 22. N. ; 
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In OPHTHALM 


broad-spectrum, r 
of Polymyxin B Sulfate. (16,250 units/cc 
(0.5% and 1.5% )—and Neomyéin 


TORIES, INC 
(Executive Offices: 


7 Vv to 8 times 
FORT WORTH, T 
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Monocular 


the Piastic 
Contact Lens Company 


59 EAST MADISON STREET e CHICAGO 3, /LLINO/S 
‘“* Dedicated to Knowledge and Research” 


The disparity in image size between 
the aphakic and non-aphakic eye is 
quite great. Divergent strabismus 
often results if the eyes are left 
visually uncorrected. If a spectacle 
lens is applied, due to the magnifying 
properties and the large prismatic 
displacement away from the optical 
center of the lens, fusion will usually 
be broken. A contact lens eliminates 
the prismatic effect by maintaining 
its position on the cornea even 

when the eyes are moved; by virtue 
of being located closer to the 
entrance pupil of the eye, the contact 
lens minimizes the image size disparity; 
thus the contact lens is one of the 
few means of maintaining binocular 
vision for the monocular aphakic. 
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MICROSCOPE 


for Mobilization of Stapes, 
Tympanoplasty and Endotympanic Surgery 


Binocular magnification and depth 
of focus affords stereoscopic obser- 
vation resulting in a perception of 
depth comparable to natural vision 
even at 40 


Free working distance, or focal 
length, of 8 inches in all magnifi- 
cations permits unobstructed sur- 
gery. 


Brilliant illuminations within the 
cavity by the light being directed 
to the field through the microscope 
objective. Any portion of the cavity 
which can be viewed will be il- 
luminated. 


Rapid magnification selector is a 
dial knob which rotates the lens 
drum through five changes of mag- 
nification. A change of power does 
not change the focus distance and 
can be made without interruption 
of observation. Microscope can be 
supplied with 12.5 oculars for a 
range of 4, 6, 10, 16, and 25 X 
magnification and/or with 20 
oculars for a range of 6, 10, 16, 
25, and 40 X. With either the 
working distance is 8”. 


Transformers for photo flash and 
fittings for mounting of photo lens 
system are included. Other photo- 
graphic equipment is not supplied 
as standard equipment, but is listed 
below and can be ordered separate- 
ly. All models supplied with two 
extra bulbs and for use with 110- 


115 volt cycle current. N-994 
N-992 Microscope, Endaural Surgery, LEMPERT: os described with 12.5 X oculars 
only and inclined binocular tubes as illustrated........................ $1911.00 


N-993 Same as N-992, but with —— binocular tubes as used by Prof. Wullstein. 


N-994 Same as N-992, but with both 12. 5 X and 20 X oculars and sadlaaal binocular 
tubes as illustrated........ $1989.00 
N-995 Same as N-994, but with straight anoeion tubes. Not illustrated.. . $1983.00 


N-996 Photographic Lens System and Electronic Flash Illumination for al! models. 
This equipment is not supplied with basic microscope, but can be ordered for delivery 
with microscope or separately at a later date. No tools required for installation..$ 356.00 


N-997 Cemera Body, CONTAX II-A: consists of complete camera but without the 


lens which is part of the N-996 lens system............ $ 179.00 
Excise Tax 20.00 
N-998 Drape, Sterilizable: for ali models........................... $ 6.00 


4570 Audubon STORZ INSTRUMENT CO. St. Louis 10, Mo. 
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“ON 
TARGET”... 
for successful topical 
eye therapy... 


(prednisolone acetate and sulfacetamide sodium) 


e ophthalmic suspension 


antiallergic - antibacterial - anti-inflammatory 


e ointment with neomycin 
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a complete armamentarium for 
topical eye therapy 


comprehensive therapy for ocular 
inflammation, infection, allergy 


ME'TIMY D ophthalmic suspension 


METICORTELONE® Acetate 5 mg. (0.5%) and 
Sodium SULAMypb® 100 mg. (10%) each cc., 5 cc. 
dropper bottle. 


for more potent antibacterial effect 
ME'TIM YD ointment with NEOMYCIN 


METICORTELONE Acetate 5 mg. (0.5%), Sodium 
SULAMYD 100 mg. (10%) and neomycin sulfate 
2.5 mg. (0.25%) each gram, Ys oz. applicator tube. 


for resistant ocular allergies 


ME TRE TON’ ophthalmic suspension 


METICORTELONE Acetate 2 mg. (0.2%) and 
CHLOR-TRIMETON® (chlorprophenpyridamine 
gluconate) 3 mg. (0.3%) each cc., 5 cc. dropper 
bottle. 


for ocular infections 


Sodium SULAMYD 
ophthalmic solution 


Sulfacetamide Sodium U.S.P. 30%, 5 and 15 cc. 
dropper bottles. 

Sulfacetamide Sodium U.S.P 10% with 0.5% 
methylcellulose, 15 cc. dropper bottle. 


Sodium SULAMYD 


ophthalmic ointment 
Sulfacetamide Sodium U.S.P. 10%, Y% oz. tube. 


SCHERING CORPORATION 
BLOOMFIELD, NEW JERSEY 
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Zenith’s Crusade 


for Better Hearing 


gives you... 


HEARING’S GREATEST HELP 


Zenith’s aim... to “Bring the best pos- 
sible hearing to the greatest possible 
number of people”... is succeeding. 


World’s largest selling hearing aid, 
Zenith now enjoys the satisfaction of 

seeing the Zenith policy of rigid adher- 
ence to highest standards of Quality... Ps geal 

the Zenith policy of producing a unit to 

meet every type of correctible hearing 

loss... and the Zenith policy of sensible “REGENT: 
prices ... all helping physicians and 
rehabilitation experts to better serve the DiPLOMAT™ 
hard-of-hearing. 


Your greatest help in the work of help- 
ing those who suffer hearing loss is the viesiatinatans 
certainty with which you can recom- $152.30 
mend any Zenith Model and any Zenith 

Hearing Aid dealer. 


Only Zenith gives you all these assur- 
ances: Nine 4- or 5-transistor models * 
Sensible prices; from $50 to $175 + Ten- “oea.co. 
Day Money-Back Guarantee + One- 
Year Warranty, proot of Quality + Five- 
Year After-Purchase Protection Plan, 


Zenith leadership is yours to command. 
Zenith’s continuous educational pro- 
gram has developed a trained, compe- 
tent dealer organization that is properly 
equipped to demonstrate and adjust 
Zenith Hearing Aids for your patients. 
Your nearby dealer is listed in the Yel- 
low Pages or send coupon at right. Zenith Radio Corporation, Hearing Aid Division, 
5801 Dickens Ave., Dept. 410, Chicago 39, III. 
ma Please mail me free mounted full-color ear chart, and list 
an ophthalmologist, optometrist, or opticion. of local dealers. Also literature and information on 30- 
Day Free Trial Offer for Physicians. 
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ORDINARY BIFOCAL 


= 


PANOPTIK BIFOCAL 


Panoptik design eliminates the “zone of 
confusion”; image jump and blind area 


are cut negligible Beca use SO Sy 
to get used to” 


noptik 

Panoptik’s color correction, result of a 
exclusive Nokrome glass combination, 


presents a long range of focus THE “NATURAL VISION” BIFOCAL 


Panoptik segment shape is scientifically 
optimum for all near tasks—with mini- 
mum encroachment on distance vision. 


Because it’s so easy to get used to, Panop- 
tik, the Natural Vision bifocal, assures 
maximum patient satisfaction. 
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(VINYL ETHER FOR ANESTHESIA. U 


Rapid, peaceful induction has been achieved with 
VINETHENE for aimost a quarter of a century. 
VINETHENE is ideal for short operative proce- 
dures, since it quickly effects analgesia, produces 
good muscular relaxation, and rarely causes ex- 
citement or nausea. May be administered via 
open, semi-closed or closed methods. 

Supplied: in 10-cc., 25-cc., 50-cc. and 75-cc. bottles, each with adjustable plastic dropper cap. 


Coter Film for Professional Use—A 16 mm. motion picture film in color, entitied “Anesthesia with 
Vinethene in Short Operative Procedures,” is available for viewings Arrangements can be made by 
writing to Merck Sharp & Dohme, Philadelphia 1, Pa. 


VINETHENE IS A TRADEMARK OF MERCK @CO., INC. 


MERCK SHARP & DOHME 


DIVISION OF MERCK &CO.,Inc. PHILADELPHIA, PA. 
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SHELDEN 
TRACHEOTOME 


NOW 
AVAILABL 


Her Best Friend 
Can’t Tell 


«Our patients gain confidence in 
their public life knowing that 
others won't notice the artificial 
eye. They avoid feelings of in- 
feriority in their personal life 
when best friends can’t tell the 
difference. 

Let our 105 years’ experience 
help you perfectly match your 
patients’ eyes. Our experienced 
men visit most areas regularly 
to fit your patients, custom- 
make eyes to match, and offer LUJRGENT REQUEST 
you technical assistance on dif- 

ficult cases. Call or write our 
nearest office. 


IN SIZE 


DIVISION Sierra Engineering Company 


123 E. MONTECITO AVE., SIERRA MADRE, CALIFORNIA 


The Uveitis Laboratory, University 
of California School of Medicine, San 
Francisco, is interested to obtain 


® Eyes custom mode— freshly enucleated eyes from patients 
gloss or plastic with all types of uveitis and other 
* Eyes from stock sent on endogenous inflammations. Attempts 
same day order received are being made to isolate etiologic 
Complete —gloss or plastic agents from these eyes. 
ay hey * Damaged or broken eyes The eyes should not be fixed in 
Artificial Eye sunwatety matched preservatives or frozen, but placed in 
© Fitted to all types of a sterile bottle, packaged, and shipped 
: motility implants as quickly os possible. Please send 
Service Implonts, specimens air express, special! delivery, 


collect. Enclose history and findings, 
and mark the package “Fresh Tissue 
Specimen——Rush.”’ 

A report of isolations of organisms 
and pothologic findings, including o 
slide, will be sent to the contributor 
Credit will De given in ony resulting 
publications. if desired 


Telegraph collect if specimen is being 
sent. Send eyes t% 


Micheel J. Hegen, M.D., or 
CUNVELAND HOUSTON (oper Bros) 


Phillips Thygeson, M.D. 
KANSAS CITY APOUIS $< hoo 
SOSTON of Medicine. Sen Frenciesce 22 
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Most effective when used preoperatively 


SALICYLATE 


(Brand of carbazochrome salicylate) 


to control oozing and bleeding 


As one clinician states: “Blood loss 
may be hidden temporarily after closure 
of the thoracic or abdominal cavities, 
even though drains are in place. Ob- 
struction to outflow through these drains 
can occur, and bleeding is not apparent. 

‘There are certain clinical situations 
in which prolonged and profound ooz- 
ing of blood may occur.” 


Published reports’* over the last five 


years emphasize the value of Adrenosem 
preoperatively—to control oozing and 
bleeding and provide a clearer opera- 
tive field. 

Adrenosem does not affect blood pres- 
sure, cardiac rate or output, blood clot- 
ting mechanism, massive hemorrhage, 
or arterial bleeding.’ 

Supplied m ampuls, 
tablets and as a syrup 
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THE S. E. MASSENGILL COMPANY 
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SHELDEN 
TRACHEOTOME 


Her Best Friend 


Can't Tell 


@ Your patients gain confidence in 
their public life knowing that 
others won't notice the artificial 
eye. They avoid feelings of in- 
feriority in their personal life 
when best friends can’t tell the 


difference. 


Let our 105 years’ experience 
help you perfectly match your 
patients’ eyes. Our experienced 


men visit most 


areas regularly 


to fit your patients, custom- 
make eyes to match, and offer 
you technical assistance on dif- 
ficult cases. Call or write our 


nearest office. 


Complete 
Artificial Eye | . 
Service 


Mager and Gougelman tne. 


Eyes custom made— 
gloss or plastic 

Eyes from stock sent on 
same day order received 
—glaoss or plestic 
Damaged or broken eyes 
accurately matched 
Fitted to all types of 
motility implants 
Implonts, 

X-Ray therapy shields, 
foreign body locators 
Superior Quality— 
Finest Workmanship 


Serving the Profession Since 1851 


30 N. Michigan Ave. 
Chicago 2, Illinois 


CLEVELAND DETROIT 


E. Sé6th St. 


New York 22, N. Y. 


HOUSTON (Soper Bros.) 


CciTY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


NOW 
AVAILABL 


IN SIZE 


4 


123 E. MONTECITO AVE., SIERRA MADRE, CALIFORNIA 


URGENT REQUEST 


The Uveitis Laboratory, University 
of California School of Medicine, San 
Francisco, is interested to obtain 
freshly enucleated eyes from patients 
with all types of uveitis and other 
endogenous inflammations. Attempts 
are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in 
preservatives or frozen, but placed in 
a sterile bottle, packaged, and shipped 
as quickly as possible. Please send 
specimens air express, special delivery, 
collect. Enclose history and findings, 
and mark the package “Fresh Tissue 
Specimen—Rush.” 


A report of isolations of organisms 
and pathologic findings, including a 
slide, will be sent to the contributor. 
Credit will be given in any resulting 
publications, if desired. 


Telegraph collect if specimen is being 
sent. Send eyes to... 


Samuel Kimura, M.D., 
Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 


University of California School 
of Medicine, San Francisco 22 


DIVISION Sierra Engineering Company 
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Most effective when used preoperatively 


SALICYLATE 


(Brand of carbazochrome salicylate) 


to control oozing and bleeding 


As one clinician states: “Blood loss 
may be hidden temporarily after closure 
of the thoracic or abdominal cavities, 
even though drains are in place. Ob- 
struction to outflow through these drains 
can occur, and bleeding is not apparent. 

‘There are certain clinical situations 
in which prolonged and profound ooz- 
ing of blood may occur.’” 

Published reports** over the last five 


> 


years emphasize the value of Adrenosem 
preoperatively—to control oozing and 
bleeding and provide a clearer opera- 
tive field. 

Adrenosem does not affect blood pres- 
sure, cardiac rate or output, blood clot- 
ting mechanism, massive hemorrhage, 
or arterial bleeding.’ 


Supplied in ampuls, 
tablets and as a syrup. 


“U.S. Pat. 2581850, 250629 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE * NEW YORK 


KANSAS CITY + SAN FRANCISCO 


< 
ok 
‘ 
- 
— 
| 
3: a= 
4 
| 
5 4 
* 
— 
24 
“4 
oa 
4 
4 
® 


SALICYLATE 


has been especially effective when used preoperatively 


The photographs below are of two typical cases in 200 dermabrasion 
procedures‘ over a period of two years. 


Case #1 Right cheek, after treatment with 
Adrenosem 


Case #2 Right cheek, after treatment with 
Adrenosem 


Case #2 Left cheek sineainei 


Write for literature describing the action ana uses of Adrenosem Salicylate 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE © NEW YORK + KANSAS CITY + SAN FRANCISCO 


1. Dripps, R.D.: Hazards of the Immediate Post- Brown, W.S.: The Use of Adrenosem Salicylate to 


3. Peele, J.C.: Further 


operative Period, J.A.M.A. 7:795 (Oct. 19, 1957) 
[This reference reviews postoperative hazards, 
and does not refer to Adrenosem Salicylate] 


- 2. Ersner, M.S., and Lerner, S.S.: M. Clin. North 


America 40:1749 (Nov., 1956) 

on the Use of 
Adrenosem Salicylate in the Control of Hemorrhage 
from the Nose and Throat, N. Carolina M.J. 17:98 
(March, 1956) 


Control Postoperative Bleeding in Plastic Surgery: 
Dermabrasion, Northwest Medicine. In Press. 


. Wilkins, B.D.: Gastrointestinal Bleeding as Seen by 


the Proctologist, J.A.M.A. 163:1214 (April 6, 1957) 


. Orzac, E.: Medical Care of the Child Patient Before 


and After Adenoidectomy and Tonsillectomy, N.Y. 
State J. Med. 55:886 (Mar., 1956) 


. N.N.R., 1957, p. 265 
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Ask your Sales Representative to show you 


these EXCLUSIVE FEATURES! 


@ Ful-Vue Vergence 

@ Dialamatic Sphere System 

@ Ulitramatic Cylinder System 

@ Tri-loupe Turret 

@ True Additive Effective Power 

@ Nearpoint Rotochart 

@ Colors to Match or Complement Office Decor 


PHOROPTOR 


American Optical 


Company 


INSTRUMENT DIVISION, BUFFALO 15. NEW YORK 


41 
. 
an 
A 
> 
EX 
= 
* 


HURD 


SHURFLAIR SHURSET 


Shurflair’s permanized DBL is accom- 
plished, as is shown in the diagram be- 
low, by a double rivet which permanently 
secures the Shurset mounting to the brow- 
bar. Done at the factory, of course, all 
that shows is the inconspicuous head of 
the rivet on the back. Permanizing does 
not affect the removability of the brow 
caps for making adjustments or for chang- 
ing to another color or style of cap. 


Shurflair is available in Shurset mount- 
ing only (the Full Eyewire Unit because of 
the screw at the top does not lend itself 
to permanizing), in the following sizes: 


42-18, 20, 22, 24 
44-18, 20, 22, 24 

46-18, 20, 22, 24 

sienna, Ebony, Cranberry 48-18, 20, 22, 24 
Red, Dusk Blue or Golden anodized alumi- NATIONAL VISUAL CARE 


SDVERTISING EXTENDED TO 
| nd” LADIES’ HOME JOURNAL 
Pe In addition to Shuron’s continuing cam- 
paign in The Saturday Evening Post and 
Life Magazine, a new series starts in the 
March Journal—out February 27. 


We don’t think you will be apt to under- 
estimate the power of this women’s cam- 
paign .. . you know how important these 
20 million wives and mothers are in mo- 
tivating up-to-date examinations for their 
children, their husbands—and themselves: 
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— 
Miniature 
Blade 


Handle ‘2.00 
Blades *3.00 doz. 


SURGICAL KNIVES BY 


A NEW MANUAL 


Microbiology 
of the Kye 


by 
Ted Suie, M.Sc., Ph.D. 


Ohio State University 


Featherweight 
Binocular Loupe 
Prepared for use of 


Graduates in Medicine J 
Permits interchange of higher or lower power 
Price $1.00 lens mountings. Designed to give complete 
comfort when wearing glasses. Can be steril- 
ized without harm. Now available with choice 

of 1 '%2X, 2X or 24%2X. $12.50 P.P. Additional 
OPHTHALMOLOGY AND 


5 or. ood. 


15 Second Street S.W. BARNETT Optical Laboratories 
Rochester, Minnesota 3120 North Cicero Ave., CHICAGO 41, ILL. 


AMERICAN ACADEMY OF 
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2. Am. J. Ophth, 42:771, 


2. Am] Digest Dis. 


3. “Times 84:741, 
4. Cecil’ s Textbook of 


edicine, 7th °9 
1947, p. 1598. 


CHEMICAL 
COMPANY 
3721-27 teclede Ave. 
St. Lovis 8, Me. 


is *U.S. Patent Pending 


BB without any fodir 
the formula Tablets contains potassium iodide 


hemorrhages 


tee been. tised With great benght™ oses were given for a year or 
i ill effects. 


35) me. (B14 gr.) combined with niacinamide hydroiodide 25 mg. 
gr.). IODO-NIACIN Ampuls 5 cc. are highly satisfactory for 
intramuscular or intravenous use’. 


Since the retina is intrinsically a part of the brain‘, hemorrhages in 
this region are indicative of a similar cerebral condition for which 
IODO-NIACIN is directly indicated. 


IODO-NIACIN Tablets, slosol coated pink, are supplied in bottles of 
100. Ampuls 5 cg. in boxes of 10. 


Write for professional samples and literature-—-~—— 


Cole Chemical Company AA2 
3721-27 Laclede Ave., St. Louis 8, Mo. 
| 
| 


Gentlemen: Please send me professional literature and samples of 1000-NIACIN. 


, 
s 
acular and. absorbed after 
use of IODG-NIACINY The dosage uséd in_t osttidy Was" 
Fy 
2 
A 
A 
CO. $1 “a 
bot 


JACKSON BRONCHOSCOPIC TELESCOPES 
Perfect compatibility with Jackson bronchoscopes and equipment 


Pilling-made telescopes offer the bronchoscopist the advantages of working with a per- 
fectly balanced instrument with superior optical system and trouble-free electrical design. 
The basic design assures easy service and replacement of parts. 


OPTICAL FEATURES: The lens system gives maximum color correction and clarity with 
minimum distortion. Three styles— 


approximately 55° field of vision, 48 cm. long 
Br 1400 5.4 mm. diameter for use with 6 mm. full lumen 
or 7 mm. standard bronchoscope 
» approximately 55° field of vision, 48 em. long 
Br 1405 4.8 mm. diameter for use with 5 mm. full lumen 
or 6 mm. standard bronchoscope 
Br 1406 5.4 mm. diameter for use with 6 mm. full lumen 
or 7 mm. standard bronchoscope 


approximately 55° field of vision, 48 cm. long 
Be 1410 4.8 mm. diameter for use with 5 mm. full lumen 
or 6 mm. standard bronchoscope 
Bre 1411 5.4 mm. diameter for use with 6 mm. full lumen 
or 7 mm. standard bronchoscope 
ELECTRICAL FEATURES: The lamp is designed especially for long life. Made with a hard rubber 5 
insulated and soldered contact, it has a positive electrical connection at all points and at 
all times, and avoids two sources of trouble—wires and pigtail contacts. 
A bayonette connection identical with all Jackson bronchoscopes makes it possible te 
use the same cord for the telescope current as for the bronchoscope—one type cord in use 


throughout all bronchoscopic procedures. 


Write for more complete information 
The authentic instrument is available only from Pilling—order direct 


GEORGE P. PILLING &SON CO. 


3451 WALNUT STREET PHILADELPHIA 
HEADQUARTERS FOR INSTRUMENTS FOR BRONCHOESOPHAGOLOGY 
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LEWY LARYNGOSCOPE HOLDER for use with standard 
JACKSON and HOLINGER INSTRUMENTS 


the hallmark 
of quality 


PHILADELPHIA 


Designed for 
ROBERT B. LEWY, M.D., Chicago 


The Lewy Laryngoscope Holder is quickly and easily attached to any standard 
type Jackson or Holinger laryngoscope as well as a special adaption of the Lynch 
laryngoscope. Thus the Lewy Laryngoscope Holder permits relaxed laryngos- 
copy by converting a standard laryngoscope into a self-retaining unit. 

The combination sprocket and worm gear maintains complete exposure of the 
vocal cord at all times. Even in the most difficult cases, the non-slipping gear 
power affords the laryngologist two free hands. He can now operate without the 
strain of manually holding the instrument and accomplish careful unhurried 
work. Furthermore, removal of neoplasms becomes more accurate and thorough- 
ness of examination is thus improved. 

In positioning the patient, under-the-shoulder support is 
sufficient. However, if desired, the patient’s head may be held 
by an operating room assistant or a mechanical head holder. 

A special adaptation of the Lynch laryngoscope may be 
used with the Lewy Laryngoscope Holder, eliminating the 
need for the Killian Gallows. One special long spatula and 
pair of tooth plates, as illustrated, are supplied. Finish is black. 


Reference—R. B. Lewy: Acta Oto-Laryngologica, Vol. 46, Fasc. I, 1956 
Br248-A LEWY LARYNGOSCOPE HOLDER with hinged handle... 86.00 


Br249 LYNCH LARYNGOSCOPE modifier for use with Lewy Holder 125.00 
JACKSON AND HOLINGER LARYNGOSCOPES——write requesting information 


Prices f.0.b. Philadelphia and subject to change without notice. 


Order these instruments direct from Pilling 


GEORGE P. PILLING & SON COMPANY 


3451 Walnut Street, Philadelphia 


HEADQUARTERS FOR INSTRUMENTS FOR BRONCHOESOPHAGOLOGY 
Pilling New York Office — 4 W. 56th St., N. Y. 19, N. Y., Circle 5-8125 
George S. Weigand, 4988 Reforma Rd., Woodland Hills, Calif. 
James M. Francisco, 4412 E. Broad St., Columbus 13, Ohio 
CABLE ADDRESS: Surgical-Phila. 
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OPHTHALMOS 


present s— 


PITRATE 


TRADEMARK 


FOR THE FIRST TIME... A Stable, Sterile Solution of 


Epinephrine Bitartrate in a Low Surface Tension Vehicle 
... needs no refrigeration. 


INDICATED 
FOR THE 
MANAGEMENT 
OF SIMPLE 

(or wide angle) 
GLAUCOMA 


| The Epitrate formula has been perfected to 
| make an effective, permanently stable solution of Epinephrine 
Bitartrate 2% universally available on prescription. 

With the concomitant instillation of Almocarpine 

(the Ophthalmos brand of Pilocarpine HCI.) , 

Epitrate offers effective therapy for most 

patients with simple glaucoma resistant to miotics. 


Supplied in 72 cc. dropper bottles 


For literature, write to: 


PHTHALMOS, inc. 
Union City, New Jersey 
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your patients 
up to date 
with 


EXECUT 
BIFOCA 


the first really different bifocal in 
nearly thirty years 

Up-dating your patients to 
the modern EXECUTIVE means more comfortable, more efficient 
bifocal vision for them, greater service opportunities for you. Both 
from the style and functional points of view, the American Optical 
Tillyer Executive is as modern as tomorrow. Show it, prescribe it — 
and earn your patients’ thanks for bringing them up-to-date! 


American ©) Optical 
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Rapid onset of action,'.* brief duration,'-? and 
consistent depth of cycloplegia make Cyclogyl 
. the drug of choice for routine refraction.”! 


Cyclogyl does not produce local or systemic 
| toxic effects, and is relatively nonirritating and 

nonsensitizing;*.* it has not been reported to 
- cause a significant variation in intraocular ten- 
| sion.*.5 Cyclogy] is effective in highly pigmented 
eyes, and may be used for persons of all ages.’ 
No pretreatment is required. 


Just one or two drops provides complete 
cycloplegia, thereby conferring a saving in 
= medication cost. 


Send for literature and samples 


PHARMACEUTICAL AND 
RESEARCH LABORATORIES 


30 minutes after | 

instillation of 
4. 


cyclogyl ... 


3-6 hours* after 
instillation of 


cyclogyl... 


® 


indications: Refraction; as a mydriatic in 
controlling iritis, iridocyclitis, keratitis, and 
choroiditis; to prevent lenticular adhesions; 
with miotics for preventing or breaking ad- 
hesions in infection; preoperatively, for 
cataract or other appropriate eye surgery. 


Supplied: 0.5% Solution in 15 cc. dropper 
bottles; 1% Solution in 2 cc. and 15 cc. 
dropper bottles. 


*When a miotic is used. Otherwise, in less 
than 20 hours. 


1. Rasgorshek, R. H. Ww. 
. 40:34 (July) 1955. « 2. Eh rlich, L N. Y. 
Med. 53:3015 (Dec. 15) 1953. 3. 
B. C.: A.M.A. Arch. Ophth. 51:467 (April) 1954. 
4. Council on and Chemistry: J.A.M.A. 
Gon) Stoizer, |. H.: Am. 


28 Cooper Square, New York 3, N. Y. 


In Canada: 


. W. Sofin Ltd., Montreal 25, Quebec 
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A COMPLETE TREATMENT ROOM IN A SMALL AREA 


The dimensions in the above photograph are 5’ 9” along one wali and 4 2” along the other. In this area, 
conveniently arranged, is everything needed to make a complete examination. However, it need not be con- 
fined to this limited space. The complete absence of piping and wiring is especially noticeable. A number 
of other arrangements will be furnished on request. 


Treetment Stand: Covered with stainless stee!. Contains: air reguiator with gauge, tubing, cutoff and air 
filter; nmasopharyngoscope rheostat; push button; cautery transformer and. rheostat; transilluminator com- 
plete with rheostat, cord, handle, lamps, antrum and frontal tips; seven metal drawers on fiber runners and 
one large drawer for towels; waste container; bakelite covered work table; space for six spray bottles, twelve 
solution bottles, shelf for cotton jars; pocket for history card or prescription blanks; and a spray bottle 
heater; the whole pee an attractive appearance and will not tarnish and is easy to keep clean. Price 
complete without fpeeurees $195.00. Without air but with electrical ipment $165.00. With air equipment 
only $150.00. Without either air or electrical equipment $1,15.00. “Glo asswore available. 


Cheir: Can be placed in horizontal position, will not tip in this position; raised and lowered by large hand 
wheel; paper covered headrest removable; locked with foot-pedal: bakelite armrests removable. Back locks 
rigidly in any position. As shown in brown or green. $150.00. 


Turning Chair: By adding a footrest and the necessary handles this ad can be used fer turning tests. All 
the additional equipment is easily and quickly removable. Add $30. 


Combined Suction and Cuspidor: This is an entirely new piece of equipment. |t was designed to eliminate 
the cost of installing a separate suction. The apparatus is 12” wide and projects 131%” from the wall. The 
flushing rim and the suction is furnished with a vacuum breaker and should meet all plumbing re- 
quirements. Stop and trap not furnished. Available in ivory, green and white. Price $95.00. 


Ceiling Light: A telescopic light attached to the ceiling. May also be attached to base board in back of 
chair. Available in 4, 5, 6 and 7 ft. (extended). 4 ft. $16.50 ‘add one dollar per ft.). 


Light Shield: Takes an ordinary 100 watt lamp. Will not burst; spot can easily be rotated. $5.00. 
Stool: A soft upholstered stoo! with easy running ball bearing stem casters. $20.00. Stool with back, $26.00. 
All the equipment shown in this advertisement, ready to be attached to your air system, $531.50. 
I CATALOG SENT ON REQUEST 
All Prices ore F.O.B. Los Angeles, Calif. 


Surgical —- Mechanical — Research, Inc 


1901-1903-1905 Beverly Bivd. SMR Los Angeles 57, Calif. 
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Shambaugh-Derlacki 


Otoscope 
Microscope 


Free working distance, 8 inches. Intense illumination parallel 
with line of vision gives bright field of view for stereoscopic 
observation, even in deep cavities. Body has quick changer to 
five magnifications: 6X, 10X, 16X, 25 and 40. Equipment 
also includes 1 microscope objective (f= 200 mm.); | in- 
clined binocular tube for stereoscopic vision; | pair focusing 
oculars 20; movable floor stand with upright column, rotatable 
arm, counter-weight for microscope, built-in transformer for 
110-volts, AC, with cable and plug; 3 lamps, 6-volts, 30 watts; 
1 intermediate piece with swivel and extension rod, combination 
type; | clamp-on level and | plastic cover. 


Supplied complete with sterilizable metal covers for eye pieces and 
objectives and 1 sterilizable muslin sleeve. 


AU-2910 Complete ... Each $1,945.00 


Write for your copy of Armamentarium, Vol. II, No. X 


WELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS @ HOUSTON e LOS ANGELES @ ROCHESTER, MINN. 
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OFFICERS for 1958 
President President-Elect 
LeROY A. SCHALL JOHN H. DUNNINGTON 
Executive Secretary-Treasurer First Vice-President 
WILLIAM L. BENEDICT F. BRUCE FRALICK 
Second Vice-President Third Vice-President : 
DAVID D. DeWEESE PHILIP M. LEWIS : 
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Secretary for Home Study Courses 
DANIEL SNYDACKER GLEN GIBSON 


Secretary for Ophthalmology 


KENNETH L. ROPER Secretary for Otolaryngology 


EUGENE L. DERLACKI 


Secretary for Instruction 
Otolaryngology 
and Maxillofacial Surgery 
DEAN M. LIERLE 


Secretary for Instruction 
Ophthalmology 
A. D. RUEDEMANN 


Secretary for Public Relations 
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American Academy of Ophthalmology and Otolaryngology 
THE COUNCIL - — "1958 


LeRoy A. Schall, Boston .... . President 
F. Bruce Fralick, Ann Arbor, Michigan ...............................First Vice-President 
David D. DeWeese, Portland, Oregon Second Vice-President 
Erling W. Hansen, Minneapolis ....... as .Past President 
tive ‘Sec reta iry- Treasurer 
Villiam L. Benedict, Rochester, Minneso { Execu , 
\ 2 Benedic ‘a) Editor and Business Man: wer ot the TRANSACTIONS 
Kenneth L. Roper, Chicago Secretary for Ophthalmology 
and Maxillofacial Surgery 
EXECUTIVE, RESEARCH, AND FINANCE BOARD OF COUNCILLORS 
LeRoy A. Schall, Chairman | Harold H. Joy, Chairman 
Algernon B. Reese john H. Dunnington William J. McNally Victor Goodhill 
. C. Furstenberg Harold * Joy Victor A. Byrnes 
Erling W. Hansen Ww illiam L. Benedict 
RESEARCH AND Fin ANCE | 
(Subcommittee of Executive, Research, and Finance) YOARD OF SECRETARIES 
Algernon B. Reese, Chairman : William L. Benedict, Chairman 
LeRoy A. Schall William L. Benedict Kenneth L. Roper Dean M. Lierle 
—-— Eugene L. Derlacki Daniel Snydacker 
ACTIVITIES A. D. Ruedemann Glen G. Gibson 
Harold H. Joy, Chairman 
William J]. McNally Toke H. Dunnington PROGRAM 
Victor A. Byrnes , F. Bruce Fralick GRA I 
Victor Goodhill LeRoy A. Schall, Chairman 
vie . Bruce Fralic A. D. Ruedemann 
LeRoy A. Schall, Chairman Harold H. Joy Dean M. Lierle 
Harold H. Jo Victor A. Byrnes William L. Benedict mg ee ey 
William J McNally Victor Goodhill Kenneth L. Roper Glen G ibson 
AubI0-VISUAL EDUCATION Howard A. Carter Chic: 
Dean M. Lierle, M.D., Chatrman Iowa City Merle Lawrence, Ph.D. Ann Arbor, Mich. 
Benedict, M.D., officio Rochester, Minn. Walt N. Reger, Ph.D. lowa City 
Eugene L. Deriacki, M.D. Chicago Walter A. Rosenblith, Ph.D. Cambridge, Mass. 
oseph C. Serio, M.D. Buffalo, N. Y. 
Kenneth L. Roper, M.D. Chicago chard Sile PhD 
D. Ruedemann, M.D. Detroit Richard Silverman, Ph.D. St. Louis 
Dean M. Lierle. M.D.. Chairman Iowa City NONSURGICAL TREA (MENT OF STRABISMUS 
Lawrence R. Boies. M_D. Minneapolis Daniel Snydacker, M.D.., Chairman : Chicago 
lohn E. Bordlev. M.D. Baltimore Francis Heed Adler, M.D. Philadelphia 
Norton Canfield, M.D. New Haven, Conn. Hermann Burian, M.D. Iowa Ci 
Hallowell Davis, M.D. St. Louis Edmond L. Cooper, M.D. . Detroit 
Edmund P. Fowler, Jr., M.D. New York Frederick C. Cordes, M.D. San Francisco 
Meyer S. Fox, M.D. Milwaukee + ae D. Costenbader, M.D. Washington, D. C. 
Aram Glorig, Ir., M.D. Los Angeles aynard " heeler, M.D. New York 
Victor Goodhili, M.D. Los Angeles ‘ifliam E. Krewson, III, M.D. Philadelphia 
Gordon D. Hoople, M.D. Syracuse, N. Y. ; 
Howard P. House, M.D. Los Angeles IMPLANTS AND IMPLANT TECHNIQUES 
Raymond E. Jordan, M.D. _Pittsburgh A. D. Ruedemann. M.D.. Chairman Detroit 
Armen James H. Allen, M.D. New Orleans 
air os, M.D. owa City wy 
H. E. McHugh, M.D. Montreal, Que., Camada 1. Gordon Cole, M.D. New York 
W. J. MeN OSI rwyn ‘llis, M.D. s An 
C. Stewart Nash, ay Rochester, N. Y. Wendell L. Hughes, M.D. Hempstead, L. I., N 
Harold Schuknecht, i >. MD Detroit Lorand V. Johnson, M.D. Cieveiand 
George E. Shambaugh, Jr., M.D. Chicago Robert A. Schimek. M_D. Detroit 
Kinsey M. Simonton, M.D. Rochester, Minn. < , 
¢ MD T Byron Smith, M.D. New York 
> oronto, Ont, Canada William Stone, M.D. Brookline, Mass. 
onndort owa City Richard C. Troutman, M.D. New York 
Representatives from Evyemakers 
Consultants Lee Allen Iowa City 
Raymond Carhart, Ph.D. Evanston, Il. Roger Alton Southbridge, Mass. 
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STANDING COMMITTEES — Continued 


Fritz Jardon 


Detroit 
Hugh Laubheimer 


Chicago 


OPHTHALMIC PATHOLOGY 


Michael ]. Hogan, M.D., Chairman San Francisco 
F. Phinizy Calhoun, Ir., M.D. Atlanta, Ga. 
ohn S. McGavic, M.D. Bryn Mawr, Pa. 

eodore E. Sanders, M.D. St. Louis 


PATHOLOGY 
Chairman 


OTOLARY NGIC 


Paul H. Holinger, M.D.. 
David D. DeWeese, M.D 
Edmund P. Fowler, Ir.. M.D. 
Tohn R. Lindsay, 

ames McLaurin, 

A. Murtagh, 
George F. Reed, M.D. 

Ben H. Senturia, M.D. 


Chicago 
Portland, 
N 


Baton Rouge, La. 
Hanover, N. 
Boston 


St. Louis 


PAN-AMERICAN RELATIONS IN 
OrpHTHALMOLOGY 


M.D.., New York 
New Orleans 
Moacyr E. Sao Paulo, Brazil 
Victor A. Washington, D. 
William B. Clark, M.D. ew Orleans 
Frederick C. C San Francisco 
Alfred 1. Elliot, Toronto, Ont., Canada 
Louis J. Girard, Oyster Bay, L. I., N. Y. 
Erling W. Hansen, Minneapolis 
Robison D. Harley, M. D. Atlantic City 
. Rodman Irvine, M. D. Beverly Hills, Calif. 
Memphis 
Baltimore 
Antonio 


Conrad Berens, Chairman 


Tames H. 


. Matthews, Secretary 
rittain F. Payne, M.D. 
G. Stuart Ramsey, M.D. 
Shaler Richardson, M.D. 
Daniel Snydacker, M.D. 
Kenneth C. Swan, M.D. 
Antonio Torres Estrada, 
i 


Derrick T. Vail, 


PAN-AMERICAN RELATIONS IN 
OTOLARY NGOLOGY 
Tackson, M.D., 


Norton Canfield, 

Tohn Marquis Converse, M. 

ose Conrad Gros, M.D. 

aul H. Holinger, Rae 
Howard P. House, \ 

Carlos Munoz- MacCormick, M.D. 


William ]. McNally, M.D. 
LeRoy A. Schall, M.D. 
Theodore E. Walsh, M.D. 


RECONSTRUCTIVE PLASTIC 
Tohn Marquis Converse, M.D., Chairman, New York 
Wendell L. Hughes, M.D., Co-Chairman. New York 
William C. Huffman, M.D. Iowa City 
E. thff, M.D. Baltimore 
Lierle, M.D. Iowa City 

Merrill |. Reeh, M.D. Portland, 
Byron Smith, M.D. New York 
Edmund B. Spaeth, M.D. Philadelphia 
A. D. Ruedemann, M.D. Detroit 
Sidney K. Wynn, M.D. Milwaukee 


ScrENTIFIC EXHIBIT 
r, M.D., Chairman 
M.D., Co-Chairman 


Montreal, Que.. Canada 
Jacksonville, Fla. 
Chicago 
Portland, Ore. 
Mexico, D. F. 
Chicago 


M.D. 


Chairman Philadelphia 
Washington, D. C. 
New Haven, Conn. 
New York 
Havana, Cuba 
Chicago 

Los Angeles 
Santurce, 

Puerto Rico 
Montreal, Que., Canada 
yston 


St. Louis 
SURGERY 


Kenneth L. Ro 


Chicago 
Eugene L. Derlacki, i 


Chicago 


OF TONOMETERS 
Chairman Chicago 
Moacyvr E. Alvaro, M.D. Sao Paulo, Brazil 

J. Ballintine, M.D. Cleveland 

Bernard Becker, M. =. St. Louis 
Conrad Berens, M. New York 
W. Morton Grant, ML D. Boston 

. O. Harrington, M.D. San Francisco 

H. Hodgson, M.D. Toronto, Ont., Canada 
McCulloch, M.D. Toronto, Ont., Canada 
McBain, M.D. San Rafael, 

Tohn M. McLean, M.D. J 

obert A. Moses, M.D. 
Adolph Posner, M.D. 
Robert N. Shaffer, M.D. 


SuRGERY OF THE HEAD AND NECK 
LeRoy A. Schall, M.D., Chairman Boston 


STANDARDIZATION 
Peter C. Kronfeld. M.D.. 


University 


San Francisco 


Virgil G. 
Ww. 


Boston 


Memphis 
John J. M.D. New York 
William C. Huffman. M.D. Iowa City 
Joseph H. Ogura, M.D. St. Louis 
George A. Sisson, M.D. Syracuse, N. Y. 


SECTION 
tolaryngology 
Tames H. M.D Chairman, Ann Arbor, 
Mich. 
Ophthalmology 


A. D. Ruedemann, M.D., Chairman Detroit 


Use or Dracnostic ProcepuRES AND 
‘THERAPY IN UVEITIS 
A. D. Ruedemann, M.D.. Chairman 
Bernard Becker, M.D. St. Louis 
Alson E. Braley, M.D. lowa City 
Belmont, Mass. 


David Cogan, M.D. 

Michael |. Hogan, M.D. San Francisco 
Irving H. Leopold, M.D. Philadelphia 
A. Edward Maumenee, M.D. Baltimore 
Frank W. Newell, M.D. “hicago 


Detroit 


Representatives of the Academy to: 
AMERICAN ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE 

M. Elliott Randolph, M.D. Baltimore 
AMERICAN Boarp oF OPHTHALMOLOGY 

¥. Bruce Fralick, M.D. Ann Arbor. Mich. 

New York 

lowa City 


Kenneth M.D. Portland, Ore. 


AMERICAN BoarD OF OTOLARYNGOLOGY 
Francis E. LeJeune, M.D. 


New Orlean: 
George F. Reed, M.D. “a 


Boston 


AMERICAN COMMITTEE 
AND VISUAL 
Frederick C. Cordes, M.D. 
James E. Lebensohn, M.D. 
Kenneth C. Swan, M.D. 


AMERICAN OrtHOoptTic CoUNCIL 
Frank D. Costenbader, M.D. Washington, 


Philip Knapp, M. New York 
Tohn W. enderson, M.D. Ann Arbor, Mich. 


AMERICAN COLLEGE OF SURGEONS 
Boarp OF GOVERNORS 

Tohn G. Beall, M.D. 

Harry P. Schenck, M.D. 
James V. Bolger, Ir.. M.D. 


AMERICAN STANDARDS ASSOCIATION 
COMMITTEE FOR STANDARDIZATION OF 
OrHTHALMIC LENSES 
Carl J. Rudolph, M.D. South Bend, Ind. 
Arthur C. Linksz, M.D. New York 


Alternates 
Conrad Berens, M_D. 
Frank W. Newell, M.D. 


on Optics 

PHYSIOLOGY 

San Francisco 
Chicago 

Portland, Ore. 


Traverse City, Mich. 
Philadelphia 
Milwaukee 


New York 
Chicago 
AMERICAN STANDARDS 
ACOUSTICAL 
Edmund P. 
Jornt CoMMITTEE ON Eve 
Alson E. Braley, M.D. 
John Harry King, Ir., M.D. 
NATIONAL COMMITTEE ON RESEARCH IN 
OPHTHALMOLOGY AND BLINDNESS 


Bernard Becker, M.D. St. 
A. Edward Maumenee. M.D. 


ASSOCIATION 
STANDARDS BOARD 
Fowler, Ir.. M.D New York 


BANKS 


lowa City 
Chevy Chase, Md. 


Louis 
Baltimore 
NATIONAL CONGRESS OF 
PARENTS AND TEACHERS 
Frank D. Costenbader. M.D. Washington, D. C. 


NATIONAL SOCIETY FOR 
CripeLep CHILDREN AND Apu tts, INc. 
Dean M. Lierle, M.D. Iowa City 
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XIV Jackson Memorial Lecture 


OCULAR TOXOPLASMOSIS 


J. HoGan, M.D. 
SAN FRANCISCO, CALIFORNIA 


[ry is an unusual honor to be invited to 
present this lecture in honor of Dr. Ed- 
ward Jackson. Fortunately | knew him 
for a few years before he died. Even 
at his advanced age it was obvious 
that he was a man of great simplicity 
and good humor, and that he possessed 
an active and inquiring mind. He was 
constant in attending meetings, and we 
encountered Dr. Jackson frequently at 
meetings on the Pacific Coast. At that 
time my wife worked in her father’s 
|H. G. Merrill, M.D.]| office. At these 
meetings he delighted in discussing basic 
problems and perplexing her with un- 
usual refractive and muscle problems. 


| asked some of Dr. Jackson’s asso- 
ciates for reminiscences about his days 
in Denver and at various meetings. Many 
of them dealt with his ability as a teach- 
er, his devotion to ophthalmology, and 
the manner in which he made Denver a 
mecca for ophthalmologists. Apparently 
he was unostentatious, dressing and 
practicing in a very simple manner. His 
office was not ornate, and | was in- 
formed that it was common for him to 
make house calls on a bicycle or in a 
model T Ford. 


From the Francis I. Proctor Foundation for Re- 
search in Ophthalmology and the Department of 
Ophthalmology, University of California Medical 
Center, San Francisco. These studies were supported 
by Grants B-44 and B-786 of the National Institutes 
of Health, U. S. Public Health Service. 


I wish to express my thanks and appreciation to 
Miss Ann Lewis and Mrs. Phyllis A. Zweigart for 
their assistance in conducting these studies and in 
preparation of this paper. 

Presented at the Sixty-Second Annual Session of 
the American Academy of Ophthalmology and Oto- 
laryneology, Oct. 13-18, 1957, Chicago. 


One of the best tributes came from 
one of his former pupils, Dr. Phillips 
Thygeson, and | have asked permission 
to quote him verbatim: 


It was wonderful knowing Dr. Jackson. He 
was not only one of the ablest but one of the 
gentlest and kindest men that has ever graced 
our profession. I wish I had the words to put 
over a little of his flavor and and 
essential goodness. 


charm 


Introduction 


Human toxoplasmosis is one of the 
most interesting diseases of modern 
medicine. Its manifestations are pro- 
tean and, in the acquired form, resemble 
those of a number of well-known dis- 
ease entities. At first glance it is sur- 
prising that diagnostic studies have 
failed to show the frequency of this dis- 
ease. However, one of the important di- 
agnostic tests, the methylene blue dye 
test, 1s technically difficult and involves 
the risk of handling live organisms. 
These factors probably have restricted 
widespread testing and have prevented 
more rapid progress in the diagnosis of 
the disease. The evolution of our knowl- 
edge of this disease has followed the pat- 
tern usually observed in infectious dis- 
‘ases ; it was first discovered in various 
animals and birds, and many years later 
in humans. The eye manifestations of 
this disease are important and have been 
subjected to considerable study. It is im- 
portant at the present time that the en- 
tire subject be reviewed, and that addi- 
tional information be presented with re- 
gard to ocular involvement. 
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In 1908 Nicolle and Manceaux’> re- 
ported ‘the finding of organisms similar 
to Leishmania in a North African ro- 
dent, the Gondi. They found the organ- 
isms to be widespread in the tissues, but, 
unlike Leishmania, the kinetoplast was 
absent. In the following year these au- 
thors gave the organism the name Toxo- 
plasma. 


Since publication of these reports, 
spontaneous Toxoplasma infections have 
been observed and reported in a wide 
variety of wild and domestic animals and 
birds, including those used for experi- 
ments in laboratories. In a number of in- 
stances different names were assigned to 
the strains isolated from various species, 
but studies soon verified the fact that 
all were members of the same species. 
All strains appear to be serologically and 
biologically identical but differ consider- 
ably in their virulence. 


It was not until 1938, however, that 
Wolf and his co-workers*’ discovered 
toxoplasmosis in man. They reported 
the isolation of Toxoplasma from a 31- 
day-old infant who developed an acute 
and fatal illness within a few days of 
birth. Clinically this infant suffered se- 
vere encephalomyelitis and bilateral cho- 
rioretinitis. These findings were verified 
at autopsy. Toxoplasma organisms were 
observed in microscopic sections and 
isolated from experimental animals 
which were inoculated with the infant’s 
tissues. This study also was the first to 
show that an apparently healthy mother 
could give birth to an infected infant. 


TR. AM. 
ACAD. OPHTH. 
Following the study of Wolf and his 
co-workers. many reports of congenital 
toxoplasmosis were published. Most of 
these reports indicated that lesions of the 
eye, the central nervous system, and the 
viscera were common. 


Although congenital toxoplasmosis 
has been considered in the past to be a 
rare disease, there now is evidence that 
many infants are born with unrecognized 
infections. The congenital nature of the 
infection may be discovered only in 
those cases where a later flare-up occurs. 


It was suspected by many for a num- 
ber of years that some forms of chorio- 
retinitis in older children and adults 
might be due to acquired types of toxo- 
plasmosis, but methods to prove this 
were lacking until the discovery of the 
toxoplasmin skin test in 1947'3 and the 
methylene blue dye test in 1948.52 The 
dye test is based on the principle that 
antibodies in the patient’s serum are able 
to prevent live Toxoplasma from stain- 
ing with methylene blue (table I). A 
substance in fresh normal human serum, 
probably properdin plus complement 
fraction, known as accessory factor, is 
necessary to accomplish this reaction. 
The highest dilution of serum in which 
over 50 per cent of Toxoplasma are un- 
stained is the end point. 


By using the skin test in population 
surveys it was demonstrated that there 
was an extremely high incidence of toxo- 
plasmic infections throughout the world. 
Feldman and Sabin!? first showed that 
the incidence of positive skin tests rose 


TABLE I 


PRINCIPLE 


Antigen + 


(Organisms from Mouse 
Peritoneal Fluid) 


OF THE METHYLENE Biue Dye Test 


Antibody 


(Patient’s Serum) 


Accessory Factor 


(Fresh Normal Human Serum) 


Methylene Blue 


——} Over 50% of Organisms with 
Unstained Cytoplasm 


Fresh 20%, pH 11 


Heated at 37°C one hour 
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from 5 per cent in persons in the age 
group from 5 through 9 years to 50 per 
cent in those in the age group from 30 
through 40 years, and to 65 per cent in 
those over 40. With minor variations 
other observers confirmed this finding in 
the United States and European coun- 
tries. Subsequent studies with the dye 


test supported these findings. 


It is my intention to review some of 
the important advances in our knowl- 
edge of toxoplasmosis, the epidemiology 
of the disease, its diagnosis and treat- 
ment. Emphasis will be placed on the 
results of our studies in the diagnosis 
and treatment of the ocular form of this 
infection. 


Biology of Toxoplasma 

Toxoplasma is classified as a proto- 
zoan parasite. It is an obligate intracellu- 
lar organism which reproduces by longt- 
tudinal fission within a host cell or in its 
vicinity. It measures 4 by 7 microns and 
is crescentic in shape in its extracellular 
form. Within cells and after fixation it 
is somewhat rounded. Prolonged sur- 
vival in tissues leads to formation of 
pseudocyst forms ,in which numbers of 
organisms are surrounded by a capsule 
which stains with silver. 

Toxoplasma does not withstand dry- 
ing, freezing, and ordinary chemical ac- 
tion. In Tyrode’s solution or in mouse 
peritoneal fluid it can survive up to four 
weeks at ordinary refrigeration tempera- 
ture. It can be grown in animals, eggs, or 
tissue culture. A wide variety of cells 
can be used to maintain the organisms 
in tissue culture, although the yield of 
organisms is usually low.°° 

Toxoplasma is pathogenic for a large 
number of mammals and birds. It can be 
propagated by direct transfer of infect- 
ed tissues or fluids into healthy animals, 
cell cultures, or fertile eggs. Infection of 
animals can be achieved by imoculation 
of organisms by any route. A parasitemia 
follows growth at the site of inoculation 


and persists for a variable period, de- 
pending on the host, the virulence of the 
Toxoplasma strain, and the numbers in- 
troduced. Antibody formation results 
and can be detected at a suitable interval 
after the inoculation. The organisms 
spread throughout the body but seem to 
prefer the tissues of the central nervous 
system, where they may persist for 
years. This persistence also occurs in 
the eye, for we have demonstrated that 
organisms can be recovered from the 
chorioretinal tissues up to two years af- 
ter inoculation into the vitreous of the 
eyes of guinea pigs.’ 


Epidemiology 


Skin tests, and serologic and cultural 
studies in man, birds, and animals (wild 
and domestic) have shown that toxo- 
plasmosis is frequent and widespread. 
Sporadic cases and epidemics have been 
reported from practically all portions of 
the world. Feldman and Miller!! studied 
ten human and twenty-four animal pop- 
ulations with the methylene blue dye 
test. There was a low incidence of posi- 
tive tests in Eskimos, Navajo Indians, 
and Icelanders. In various urban popula- 
tions in the United States, 17 to 35 per 
cent of the sera were positive at titers 
of 1:16 or above. A higher incidence of 
positive tests at 1:16 or over was found 
in Haiti (36 per cent), Honduras (64 
per cent), and Tahiti (68 per cent). 
They found that 27 per cent of labora- 
tory guinea pigs and 5 per cent of rab- 
bits had antibodies. Laboratory rat and 
monkey sera were negative. Serum titers 
varied in dairy herds from completely 
negative in two herds to 48 per cent in 
another (all in the same _ locality). 
Groups of dogs, sheep, and swine 
showed variation of serum dye test anti- 
bodies. These and other studies indicate 
the wide prevalence of the disease. 

The method of spread of this infection 
in individuals and species is incomplete- 
ly understood. 
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It is known from animal epidemics" 
that large numbers may die and that 
Toxoplasma is found widely distributed 
throughout their tissues. In_ isolated 
cases Toxoplasma has been found tn the 
urine of infected rabbits and dogs and 
in feces from dogs with a type of hem- 
orrhagic colitis. It has been demonstrated 
in muscle tissue, heart, liver and spleen 
of many diseased animals. 


Experiments prove that healthy mice 
can be infected by ingestion of other 
mice recently dead of an infection®* and 
that infected mother mice can transmit 
the disease to the nursing offspring of 
healthy mothers.* Weinman and Chan- 
dler*? transmitted the disease by feeding 
pigs and rats the tissues of other pigs, 
rats, and mice infected with a Toxo- 
plasma strain isolated from pork. Van 
Thiel and van der Waaij*’ showed that 
consumption of tissue containing Toxo- 
plasma pseudocysts leads to infection in 
mice and guinea pigs. 


The site of entry of the organisms in 
causing Auman infections is not known. 
The foregoing studies suggest that oral 
transmission may be important. How- 
ever, it is most likely that the disease is 
transmitted by various means. The re- 
sults of investigations on transmission 
by arthropods and insects are inconclu- 
sive, and further study is indicated. 


Clinical Manifestations 


Human toxoplasmosis may appear in 
various forms, which often resemble 
other diseases and are not diagnosed as 
toxoplasmosis because they are not rec- 
ognized as such. 


The following modified classification 
of toxoplasmic infections as outlined by 
Frenkel'* and Stim*° is acceptable and 
will be discussed as listed. 


1. Congenital 


A. Apparent 
B. Inapparent 


ACAD, OPUTH. 


ll. Acquired 


A. Exanthematous 
B. Meningoencephalitic 
C. Lymphadenopathic 


D. Ocular 


I. CONGENITAL TOXOPLASMOSIS 


Early reports on congenital toxoplas- 
mosis gave the findings in infants born 
with manifest infections, or who devel- 
oped such infections within a short time 
after birth. Most infants had severe le- 
sions of the central nervous system and 
the viscera. Mental retardation, hydro- 
cephalus, and other sequelae were com- 
mon. 


It now 1s apparent that the disease also 
exists in a milder form and _ subsides 
without obvious sequelae. 


Apparent Infections 


The stage of pregnancy at which in- 
fection takes place, the virulence of the 
organism, and fetal or maternal resis- 
tance determine the type of infection in 
the newborn infant. The disease is trans- 
mitted to the fetus from a mother who 
acquired the infection during pregnancy, 
and the organisms most likely reach the 
fetus through the placenta.'!? The meth- 
od of acquisition of the maternal infec- 
tion is unknown, but all such infections 
occur without symptoms. Mothers who 
have given birth to toxoplasmic infants 
do not infect subsequent offspring. This 
suggests that maternal immunity is im- 
portant in preventing acute toxoplasmo- 
sis in the fetus. It is not proved, how- 
ever, that nonapparent infections do not 
occur in the fetus during subsequent 
pregnancies. Infection with organisms 
of low virulence also may result in mild- 
er infections, as illustrated in the subse- 
quent report of one of our cases. 


Infection early in pregnancy results 
in fetal death. Infections in midpreg- 
nancy cause widespread disease in the 
fetus, resulting either in death with mis- 
carriage, Or causing such severe damage 
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that the infant is born with marked se- 
quelae of this disease (hydrocephalus, 
microphthalmus, etc.). Infections occur- 
ring late in pregnancy are associated 
with the acute manifestations of toxo- 
plasmosis. Encephalomyelitis (general- 
ized convulsions, fever, various paral- 
yses), chorioretinitis, and visceral in- 
volvement may be observed. The infant 
may or may not survive. At other times 
the acute manifestations do not appear 
until a few days after birth. E:chen- 
wald> found that 30 per cent of his pa- 
tients with congenital toxoplasmosis 
were probably infected late in intra- 
uterine life, because they were born with 
an acute generalized febrile disease and 
variously exhibited jaundice, anemia, di- 
arrhea, vomiting, lethargy and irritabil- 
ity. Ixamination of these patients re- 
vealed an enlarged liver and_ spleen, 
petechiae, and purpuric or small erythe- 
matous papules with necrotic centers. An 
interesting observation was that six in- 
fants had a low grade fever and irritabil- 
ity, without other manifestations, and 
recovered completely without developing 
chorioretinitis; however, two of 
later showed mental retardation. 


them 


Inapparent Infections 


Some infants are born with the dis- 
ease, which ts unrecognized by the phy- 
sician or parents. At a later date the 
child may exhibit serologic or clinical 
evidence of the infection. Some cases 
which have been reported as examples 
of acquired toxoplasmosis in children 
may, in fact, be examples of an activated 
phase of a congenitally acquired infec- 
tion. In our experience this has been 
especially true with respect to ocular 
disease. 


Chorioretinal. Inflammations 
A. Acute 
1. Present at birth or shortly 
thereafter and associated with 
acute systemic disease 
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2. Developing after birth, and 
not always associated with 
acute systemic infection 

B. Subacute 


C. Late relapse of a healed chorio- 
retinitis 


Acute chorioretinitis, present at birth 
or shortly thereafter, 1s one of the most 
constant lesions to occur in congenital 
toxoplasmosis. It 1s most often bilateral 
and may occur in multiple foci. The disc 
and peripapillary region are commonly 
affected. Lesions occurring in this area 
most often lead to serious visual loss. 
The fundus lesions are usually found in 
those children with systemic manifesta- 
tions of toxoplasmosis. In 1953 Feld- 
man® studied 103 cases in which the di- 
agnosis was based on the clinical and 
serologic findings. He found chorio- 
retinitis in 99 per cent, and it was bi- 
lateral in 85 per cent. 


Kichenwald> found 40 per cent of 75 
toxoplasmic infants to have chorio- 
retinitis at the first examination. The 
frequency increased to 80 per cent when 
the survivors were examined subse- 
quently. He later presented the results 
obtained in a series of 140 patients, of 
which 80 per cent showed evidence of 
chorioretinitis.° Six of the 28 patients 
which did not chorioretinitis at 
birth developed eye lesions within two 
weeks to stx months after birth. Four 
of these six patients eventually showed 
bilateral involvement. 


show 


This later appearance of the chorio- 
retinal lesions is fascinating and indi- 
cates a possible intermittent parasitemia. 
The infection in such patients may 
smoulder, with intermittent relapses, 
parasitemia, and involvement of other 
organs. Verlinde and Makstenieks3® re- 
peatedly isolated Toxoplasma from the 
cerebrospinal fluid and blood of four 
living infants having hydrocephalus, cal- 
cification of the brain, microphthalmia 
and chorioretinitis (one case as long as 
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FIG. 1— Congenital toxoplasmosis, acute chorioret- 
initis. 


two months after establishment of the 
diagnosis). Relapses of congenital ocu- 
lar toxoplasmic infections, often with 
lesions in new areas of the fundus, sug- 
gest that infections may spread from 


rupture of pseudocysts and dissemina- 


tion of organisms by the ocular fluids. 


Pathology. The acute chorioretinal 
inflammation commences in the retina, 
with copious exudation into the vitreous, 
producing a marked haze (fig. 1). The 
foci are poorly defined and usually quite 
large (figs. 2 and 3). Secondary in- 
volvement of the choroid causes marked 
elevation (fig. 4). Small satellite foci 
are common. The acute phase of the in- 
flammation lasts from two to four 
months, depending on its severity and 
the presence or absence of new foci. Or- 
ganisms can be found in cysts or free in 
the acute lesions (fig. 5). After healing, 
the lesions are atrophic and pale with a 
variable amount of pigmentation at the 
margins (figs. 6and7). Pseudocysts may 
be found in the tissues adjacent to 
healed lesions. These are parasitized cells 
containing resting, viable organisms and 
are surrounded by a membrane which 
stains with silver. Rupture of these cysts 
may lead to reactivation of the disease. 
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Diagnosis. One cannot make a defini- 
tive diagnosis based on the clinical ap- 
pearance of the eye lesions. It can be 
made with some certainty when com- 
bined with the associated systemic find- 
ings and by the serologic studies. The 
normal infant may have a low titer of 
dye test antibodies in his serum which 
persists up to four or five months after 
birth, as the result of passive trans- 
fer from the mother. The toxoplas- 
mic infant is born with a high titer of 
antibodies if the infection developed 
early in the mother’s pregnancy, or it 
develops increasing amounts of antibod- 
ies if the infection developed nearer term. 
The dye test antibodies develop within 
three to four weeks after onset of the 
disease and rapidly reach a high titer, 
whereas complement fixing antibodies do 
not develop until five to six weeks after 
onset of the infection. Both types of 
antibodies persist in fairly high titer for 
five to six years, then gradually decrease. 
Any dye test titer in a child below age 
10 is of great significance, because sur- 
veys have shown that normal children 
below this age rarely show any anti- 
bodies against toxoplasmosis. A combi- 
nation of acute disease of the eyes, the 
central nervous system and the viscera, 
with a high or rising dye test antibody 
titer, usually establishes the diagnosis. 
Animal inoculations of blood and spinal 
fluid from suspected cases should always 
be made, if possible, for a definitive di- 
agnosis. 


Subacute chorioretinitis may develop 
in a toxoplasmic infant who shows no 
signs of systemic disease, or who has 
had such mild signs that they are un- 
recognized. Such infants later may show 
evidence of damage to the central nerv- 
ous system and may develop recurrent 
convulsions or other neurologic dis- 
orders. Examination of the eyes shows 
chorioretinal lesions which may be ac- 
tive or almost completely healed. The 
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FIG. 2—-Congenital toxoplasmosis, acute chorioretinitis and papillitis. 


—Congenital toxoplasmosis, focal retinitis. 
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FIG. 4—Congenital texoplasmosis, acute choroiditis with necrosis. 


a diagnosis in this group can be made 
=: with the same certainty as in the acute 
group. 


Acute or subacute chorzoretinitis in 


FIG. 5—-Congenital toxoplasmosis, intracellular Toxo- 
plasma in retina. 


children beyond the stage of infancy be- 
comes apparent to the ophthalmologist 
in a variety of ways: 


1. The child develops an esotropia or 
an exotropia. This results from macular 
or paramacular scarring, which can be 
observed easily on fundus examination. 
Roentgenograms of the skull may or 
may not show calcifications, and the 
blood usually reacts positively to dve and 
complement fixation tests. The child may 
show no evidence of cerebral damage or 
mental retardation, and he may be in 
perfect health otherwise. 

2. The child is discovered to have re- 
duced vision at the time he commences 
school, when the nurse checks the visual 
acuity. Examination shows changes in 
the fundi similar to those described pre- 
viously, and general studies are substan- 
tially the same. 


3. <A late relapse of the chorioretinal 
inflammation occurs, causing progressive 
visual deterioration. Examination shows 
a chorioretinal scar with an adjacent new 
focus of chorioretinitis. This late relapse 
of congenital ocular toxoplasmosis has 
not been emphasized sufficiently. The 
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. 6—Healed foci of chorioretinitis in congenital toxoplasmosis. 


FIG. 7 


Chorioretinal scar, congenital toxoplasmosis. 


only previous references to this aspect 
of the disease are those of Woods and 
his colleagues** and of Eichenwald.® It 
should be repeated that many toxoplas- 


mic infections are so mild that they are 
not recognized. In other infants the 
signs exhibited during a particular ill- 
ness may not suggest the diagnosis of 
toxoplasmosis. The ophthalmologist and 
the pediatrician often are surprised to 
find an older child having clinical and 
serologic evidence of toxoplasmosis 
without a history of any previous acute 
illness. 


Studies on Congenital Toxoplasmosis 

In a routine survey of over 1,500 pa- 
tients with various forms of endogenous 
uveitis, we encountered and have previ- 
eausly reported 28 patients with probable 
congenital toxoplasmic infections involv- 
ing the eye.'’ Some of these were accom- 
panied by evidence of systemic disease, 
while others were not. We have studied 
8 additional cases, making a total of 36 
(table II). In addition to these, we have 
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Taste Il 
Finpincs 1N 36 Cases oF CONGENITAL TOXOPLASMOSIS 


LATE |STRAB 


TYPE ONSET RELAPSE] ISMUS DYE TEST SKIN TEST . SKULL X-RAY 


Uni-| Bi-| 0-6]6-12] 12 


11 8] 9 119 12 20 14 


< 1:128)1:128-1:512 >1:512] +} +1] Not Not 
— |Done —}!Don 
13 9 22; 911 4 1712117] 1 


found 4 interesting examples of a late 
exacerbation of congenital toxoplasmic 
chorioretinitis. 


The mothers of all 36 children had 
normal pregnancies, and there was noth- 
ing in the history which would suggest 
a maternal toxoplasmic infection. Some 
had the usual contacts with household 
pets. An occasional mother had contact 
with domestic farm animals, but a his- 
tory of illness of any of these animals 
was not obtained. Thirty-four of the in- 
fants seemed normal at birth except that 
one had feeding difficulties and another 
had signs suggesting cerebral palsy. 


Strabismus (esotropia or exotropia) 
was the first and most common eye com- 
plaint, being present in 20 of the 36 
children. It most often resulted from 
amblyopia due to macular inflammation 
or scarring. In 25 children the chorio- 
retinal lesions were observed in both 


eyes, usually in the macula of one eye 


and at some other site in the other eye. 
Multiple foci were common. Only one 
patient showed a microphthalmia. The 
ocular disease became apparent to the 
parents of 8 patients before the sixth 
month after birth, and in 9 other patients 
it had a very early onset. Roentgeno- 
grams of the skull revealed no abnor- 
mality in 21 children, and showed posi- 
tive signs of toxoplasmosis in 7 children. 
No roentgenograms were made in 7 


‘cases, and in one case the interpretation 


of the roentgenogram was questionable. 


Twenty-two patients had positive skin 
tests, nine were negative, one was ques- 


tionable, four were not tested. Nine pa- 
tients had negative skin tests, but did 
show positive dye tests, often in high 
titer. This would seem to demonstrate 
that the skin test alone cannot be used 
for the diagnosis of congenital toxo- 
plasmosis. 


Fifteen children 10 years of age or 
below had positive dye tests as follows: 
Six were 1:512 or greater; six were 
1:128 to 1:512; three were below 1:128. 
The dye test titers in the 36 patients 
were as follows: 


—— 


NU MBER 
OF 

TITER PATIENTS 
1:16 5 
1 :64 9 
1:128 3 
1 :256 8 
1:512 2 
1 :1,024 3 
1 :4,096 
1 :8,192 2 
1 :32,768 2 
+ neutralization test l 
Total %6 


It is interesting that 12 of these 36 
patients had late childhood or adult re- 
lapses of chorioretinal inflammation. In 
some the fundi showed old chorioretinal 
scars with newer acute inflammatory 
areas in a “‘satellite” position. 


Case Report: Late Relapse of 
Congenital Toxoplasmosis 


Two of these cases have been report- 
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ed but will be recorded again in brief 
form to demonstrate the nature of this 
type of case. 


Case 1.* M. F., age 12, a white male, was 
first seen because he had sudden diminution of 
vision in his good left eye. At the age of 
one and one-half years he was found to have 
a chorioretinal scar in the macula of the right 
eye. There were no further difficulties up to 
the age of 12. Examination showed the right 
vision to be 15/200 and the left to be 20/200. 
The right macula contained a large area of 
healed chorioretinitis (fig. 8). A heavy vitre- 


FIG. 9—Case 1, left eye, congenital toxoplasmosis. 


~ *Republished by permission of the Transactions of 


the American Ophthalmological Society, 1957. 
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FIG. 10—Case 1, 


toxoplasmosis. 


FIG. 11—Case 1, cerebral calcifications, congenital 
toxoplasmosis. 


ous haze was evident in the left eye, and an 
indistinct massive yellowish area of inflam- 
mation extended from the disc to the temporal 
periphery (fig. 9). Roentgenograms of the 
skull showed calcifications (figs. 10 and 11). 
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FIG. 12—Case 1, chorioretinal scarring in congenital toxoplasmosis. Toxoplasma recovered from 


this eye on inoculation into mice. 


TaBLe III 
History AND FINDINGS IN CASE OF CONGENITAL TOXOPLASMOSIS 


CASE |. PATIENT M. F. 


AGE YEARS 


CR RE, Macular, Healed 
Dye Tes 
Skin Test 
Lab. 


The methylene blue dye test was 1:128, and 
results of both the skin test and the neutrali- 
zation test were positive. 


Course: The course of the disease is shown 
in the accompanying table (table III). Five 
months after the onset of the disease the left 
vitreous had cleared so that vision was 20/70. 
Two and one-half years later the lesion was 
fairly well healed and vision was 20/100. 
There was extensive scarring and pigmenta- 
tion of the entire temporal fundus, particu- 
larly along the horizontal meridian. Relapses 


12 YEARS 2) YEARS 
LE, Acute, Secondary Glaucoma 
lemporal, Diffuse 
1:128 
Positive 
‘Toxoplasma 
X Ray Isolated from 


Enucleated LE 


occurred in this eye, and vision was eventu- 
ally lost. The eye became divergent, hypo- 
tonic, and cataractous, and commenced to 
shrink. Enucleation was requested and ac- 
complished in 1956. The eye was opened un- 
der sterile conditions and showed” extensive 
scarring of the retina (fig. 12). The scarred 
area was used for cultures;’ only a small 
amount being saved for histologic study. 
Toxoplasma was isolated in ‘mice from the 
healed lesions in this eye. The organism re- 
covered has been found to possess a low viru- 


‘ 

. 
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lence for mice, requiring from eight to ten 
days to produce illness instead of the usual 
four required by the more virulent RH strain. 
When a small inoculum is made, the mice be- 
come ill but recover and live indefinitely, al- 
though most show some sequelae of the en- 
cephalitis. Inoculation results in significantly 
positive dye test titers in mice, and in previ- 
ously negative rabbits and guinea pigs after 
inoculation by various routes. 


Comment: This is a most interesting case 
in that it demonstrates a probable persistence 
of the organisms in the eye for twenty years 
following a typical congenital infection. 


Case 2. M. W., age 11, a white male, was 
first seen at the age of 11 because of blurred 
vision in both eyes. Information was obtained 
that reduced vision had been discovered in the 
right eye at the age of 10. A general exami- 


OCULAR TOXOPLASMOSIS 19 


dye test titer was 1 :4,096. Roentgenograms of 
the skull were negative, and the results of the 
skin test were negative. Results of an examina- 
tion in May 1956 were essentially the same, 
and the dye test titer remained at 1 :4,096. 


A relapse of the inflammation in the left 
eye occurred in March 1957 without causing 
a change in dye test titer but causing reduc- 
tion of vision to 20/80. The patient was treat- 
ed with Daraprim and sulfadiazine and Meti- 
corten by mouth, and the response seemed 
good. By May 1957 vision was improved to 
20/50 and the lesion was healed. The dye test 
at this time was 1 :256. 


Comment: This type of early recurrence 
is the typical form observed in most of our 
cases of congenital toxoplasmosis. One 
might argue that this patient acquired his 
toxoplasmic infection at the age of 10, but 


AGE 10 ie E 6/ | | al 
16/200 R.£.16/200 R.E. 16/200 R.E.16/200 
VISION BLURRING SAME 
BOTH EYES. ue. 20/30 6.20/30 20/80 20/50 
BILATERAL | 
HEALED | | RELAPSE IN 
FUND! MACULAR SCARS Lmacua MEALED 
SEROLOGY 
154,096 - 
1:2,048 
1,024 - 
| 
1:256- 
1:64 
SKIN 
year NEGATIVE | | 
SKULL } 
X-RAYS | 
| SULFADIAZENE | | 
FIG. 13--Case 2, history and findings. Congenital toxoplasmosis with a late relapse. 


- nation for a cause of this condition was nega- 
tive. The patient was referred to me with the 
possibility that the eye lesions were of toxo- 
plasmic origin. It was reported by letter that 
a methylene blue dye test in November 1954 
at the Communicable Disease Center, Cham- 
blee, Georgia, showed a titer of 1:64. There 
had been no systemic infection between the 
ages of 10 and 11 years. 


At our first examination in December 1955 
the eye lesions were completely quiet and 
fundus examination showed bilateral healed 
macular scars, more marked in the right eye 
(fig. 13). Vision in the right eye was 16/200 
and in the left, 20/30. The methylene blue 


we feel that it is of congenital origin because 
of our observance of undoubted congenital 
cases of identical type. 


Case 3.* A. L., age 36, a white female, was 
referred for examination because of blurred 
vision in her good right eye. She had a 
choroiditis in the left eye at age 15, and a 
recurrence at the age of 22. The last attack 
left markedly blurred vision in this eye 
(table IV). 


Early in 1955, while on Okinawa, she de- 


*Republished by permission of the Transactions of 
the American -Ophthalmological Society, 1957. 
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TABLE IV 
TOXOPLASMIC CHORIORETINITIS 
PATIEN nt A.L., AcE 36, FEMALE 


1936 1943 


FEB.-MAY 1955 


Acute Chorioretinitis, 
LE studies 


Acute Chorioretinitis, LE 
Central Vision Loss 


Acute Serous Pleurisy 
diagnosed and treated as 


negative Pyrotherapy tubercular 

Cleared in 6 months Cleared in 3 weeks leaving No Acid Fast Organisms 
after T& A macular scar demonstrated 
< R.E. CLEAR = 


veloped pleurisy, dyspnea, headache, and 
fever. One week later a pleural effusion was 
discovered. The patient was returned to the 
United States and was treated with strepto- 
mycin and Isoniazid for six months for possi- 
ble tuberculosis. In August 1956, six months 
after finishing the treatment, blurred vision 
developed in the right eye, although the pa- 
tient thought it might have commenced in 
the latter part of 1955. A rather large area 
of peripheral choroiditis was found in the 
right eye and vision was 20/20. The left eye 
showed a large macular scar (fig. 14), al- 
though vision was 3/200. Skull plates were 
negative. The accompanying graph (fig. 15) 
shows the results of serologic studies and 
treatment. 


Comment: This patient could have devel- 
oped an acute pulmonic (acquired) toxoplas- 
mosis in 1955, with subsequent spread to the 
right eye in 1956. We think it more likely 
that the chorioretinitis at ages 15 and 22 was 


FIG. 14—Case 3, macular scar, left eye, due to 
chorioretinitis at ages 15 and 22 years. 


” 


due to congenital toxoplasmosis, and that the 
probable pulmonic relapse was due to rupture 
of a pseudocyst. 


We feel that some of the cases diag- 
nosed as acquired toxoplasmosis are, in 
fact, late relapses of congenital infec- 
tions. Several patients we have stud- 
ied who have had such relapses have 
developed high dye test titers, suggest- 
ing that the relapse somehow reawakens 
antibody formation. Sabin*! stated that 
his observations led him to believe that 
high amounts of toxoplasmosis antibody 
may result from subclinical reactivation 
of a latent infection. He described a pa- 
tient who suffered a recurrence of a 
toxoplasmic infection, probably as the 
result of pseudocyst rupture, and were 
it not for some routine serologic studies 
which were being carried out, this re- 
lapse would not have been detected by 
those observing the patient. 


Differential Diagnosis 


The systemic manifestations of con- 
genital toxoplasmosis must be differen- 
tiated from other infectious and degen- 
erative diseases of the central nervous 
system. The ocular lesions are not di- 
agnostic in themselves, but when coupled 
with the other signs they are suggestive. 
If the child shows only the ocular 
changes, one must depend on the results 
of serologic studies. One of the condi- 
tions to be differentiated was first re- 
ported by Sabin and Feldman*? and dis- 
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SEPT.'56  -DEC.'56 FEB.'S7 | MAR.'S7 | APR.'S7 | MAY '57_ 


VISUAL 20/25 


JUNE 'S7 | 


20/20 


ACUITY L.E£. 3/200 


UNCHANGED R.E 20/20 


| $/200 L.€. 5/200 


RE. 
ONSET OF 
BLURRING 


ILLNESSES 


WHITE K.P. 
K.P. 


SEVERAL WHITE K. 


us| 


| 
R.E. 


ANTERIOR 


SEGMENT 


FLARE 


O-nwe Oo-wn 


VITREOUS 
OPACITIES 


COARSE ALD FINE 


ALMOST 


ACTIVITY 
IN LESION 


\ rm 


SUBSIDING 


116,384 - 
14,096 
11,024 - 

TEST r2sé6 - 
- 


ISONIAZIDE 
| TERRAMYCIN 


“SULFADIAZENE ANO | 


NO TREATMENT 


DARAPRIM 


FIG. 15—-Case 3, congenital toxoplasmosis. 


cussed in detail before this society in 
1949. In this syndrome the infants ex- 
hibit all the manifestations of congenital 
toxoplasmosis, yet they do not have posi- 
tive serologic tests nor can Toxoplasma 
be isolated from the tissues. This disease 
has come to be known in pediatric cir- 
cles as the Sabin-Feldman syndrome. 
The recent report. of Weller and co- 
workers*® of the isolation of an intra- 
nuclear inclusion producing virus from 
urine and liver aspirations of infants 
with illnesses resembling cytomegalic in- 
clusion disease fits in with this entire 
picture. The latter infants had chorio- 
retinal lesions and disease of the central 
nervous system similar to that reported 
by Sabin and Feldman. Christensen and 
his colleagues! also reported a case in 
which such lesions were observed in the 
brain, and at autopsy cytomegalic inclu- 
sion virus was demonstrated in the eye 
and brain tissues. 


Other congenital inflammations of the 
eyes resulting from the spread of infec- 


tion from the mother to the fetus must 
be differentiated from toxoplasmic dis- 
ease. The absence of positive results on 
dye tests rules out toxoplasmosis. 


Il. ACQUIRED TOXOPLASMOSIS 


A. Exanthematous 

A number of cases of the exanthema- 
tous form of acquired toxoplasmosis 
have been reported. The disease re- 
sembles a rickettsial infection with a 
sudden onset, chills, fever, and develop- 
ment of a maculopapular eruption dur- 
ing the first week. The widespread in- 
volvement is suggested by the develop- 
ment of pleuritis, a dry cough, myo- 
carditis, and encephalomyelitic symp- 
toms. Most cases have been fatal. Eye 
involvement has not been recorded. 


B. Meningoence phalitic 


The meningoencephalitic form ap- 
pears to be rare, the first case being re- 
ported by Sabin.*° This 6-year-old boy 
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had a fever, became unconscious, had 
generalized convulsions, and developed 
lymphadenopathy. Examination showed 
a large number of mononuclear cells in 
his spinal fluid. At autopsy Toxoplasma 
was isolated from the brain, and there 
was a diffuse meningoencephalitis. Other 
cases have been reported by Stim (Den- 
mark),°° Feldman (United States),° 
and Giroud and co-workers (three cases 
from North Africa).'© These patients 
had illnesses similar to that reported by 
Sabin. The patient whose case was re- 
ported by Feldman also had an exanthe- 
matous skin reaction. Eye involvement 
has not been observed. 


C. Lymphadenopathic 

The lymphadenopathic form will be 
reported in more detail because it may 
be the type which eventually causes eye 
lesions. Siim*> in 1950 described such 
cases in a group of children. This in- 
vestigator and others have emphasized 
the frequency with which this form oc- 
curs compared to other types. The three 
recognized forms are (1) a febrile lym- 
phadenitis, (2) a nonfebrile lymph- 
adenitis, and (3) a subclinical form. 


Febrile lymphadenitis may have an 
acute or gradual onset with chills and 
fever, general malaise, headache, and 
localized or generalized lymphadenitis. 
It resembles infectious mononucleosis 
except for the negative results of the 
heterophile antibody test. The fever and 
lymphadenitis gradually subside over a 
period of three or four weeks. One case 
reported by Siim had retinal exudates 
and very fine hemorrhages in one eye. 
It is possible that this was due to febrile 
retinopathy. Results of the methylene 
blue dye and complement fixation tests 
become strongly positive late in the dis- 
ease. Siim was able to isolate Toxo- 
plasma from affected lymph nodes in a 
number of cases. 


The nonfebrile form may be discov- 
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ered by the patient or the parent. It may 
be evidenced by enlarged lymph nodes 
in an otherwise healthy patient. 


The subclinical form apparently is un- 
common. Siim reported the. case of a 
healthy girl who was admitted to the 
hospital for study of an oligophrenia of 
nine years duration. A routine dye test 
showed a high titer, and examination 
then revealed some enlarged axillary and 
inguinal nodes. A node was excised, and 
Toxoplasma was isolated from it upon 
animal inoculation. According to Siim, 
results of clinical examination of these 
patients with lymphadenitis were normal 
except for enlarged nodes, which are of 
hazelnut to walnut size, relatively non- 
tender, and generalized. 


In the group of lymphadenopathy pa- 
tients the disease runs a benign course, 
with complete recovery within a few 
weeks or months, but with the nodes 
often remaining enlarged for a year or 
longer. Lassitude was a common accom- 
paniment of the convalescent period. It 
is interesting that only one of about 100 
cases showed a chorioretinitis. The dye 
and complement fixation test became 
positive in one month, reaching dye test 
titers of 1:1,000 to 1:10,000 and com- 
plement fixation titers of 1:50 to 1:100. 
A relative lymphocytosis of 50 to 70 per 
cent was present in the blood. 


According to Siim,*® the histologic 
picture in the nodes is so characteristic 
that it should suggest the diagnosis and 
warrant serologic studies. Examination 
of sections of excised lymph nodes 
shows hyperplasia of the reticulum cells 
and islands of large eosinophilic cells 
scattered over the whole of the section. 


To confirm the diagnosis, the surgical- 
ly removed lymph nodes were minced, 
and the heavy tissue suspension was in- 
jected intraperitoneally into mice. An 
inapparent infection resulted, and at the 
time the mice were sacrificed six to 
eight weeks later the results of the sero- 
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logic dye tests were positive and Toxo- 
plasma organisms were recovered from 
the tissues. Siim reported the isolation 
of Toxoplasma in this manner from the 
lymph nodes of 10 patients. Subsequent- 
ly, Desmonts and Le Tan Vinh? isolated 
Toxoplasma from the nodes of 7 out of 
19 subjects suspected of having acquired 
toxoplasmosis and exhibiting positive 
dye test titers. In 27 control patients it 
was not possible to isolate organisms 
from nodes. 


D. Ocular 


Early studies indicated that some 
cases of adult chorioretinitis were due 
to toxoplasmosis. [t was soon learned 
that chorioretinal inflammations are 
rare in acute acquired systemic toxo- 
plasmosis in contrast to their incidence 
in congenital toxoplasmosis. The reason 
for this is uncertain but it has been 
suggested that fetal retina 1s more sus- 
ceptible to such infections. The occur- 
rence of toxoplasmic chorioretinal in- 
flammation in the absence of obvious 
systemic disease would seem to nullify 
this concept. 


The ophthalmologic literature, how- 
ever, contains a number of reports of 
ocular toxoplasmic infections, many of 
which are based on insufficient evidence. 
The probable diagnosis of ocular toxo- 
plasmosis cannot be made solely on sero- 
logic evidence unless there is an unusual- 
ly high titer, or at least a fourfold 
change in titer in paired sera. [ven 
such changes as this must be regarded 
conservatively. One should beware of 
making positive statements based solely 
on the serologic findings. 


A conclusive diagnosis of a toxoplas- 
mic infection can be made only by tsola- 
tion of Toxoplasma from the fluids or 
tissues of patients with acute illnesses. 
Such a requirement is impossible in 
those patients with ocular toxoplasmo- 
sis because these patients rarely have as- 
sociated systemic infections and uncom- 


monly show changes in serum dye test 
titers. Most often the ophthalmologist 
must be content with very presumptive 
laboratory and clinical evidence. 


l‘renkel!> observed that those patients 
with positive results on skin tests had an 
earlier onset of chorioretinitis than those 
with negative results, and that the inci- 
dence of positive results of skin tests in 
patients with chorioretinitis far exceeded 
the incidence of positive results in a 
control group. 


Wising*- reported the first case of ac- 
quired ocular toxoplasmosis occurring 
during the course of a system'c disease. 
The infection occurred in the later stages 
of a febrile illness in a 31-year-old wo- 
man with a generalized lymphadenopa- 
thy. The serum of this patient showed a 
marked rise in dye test titer during the 
course of the illness, and the comple- 
ment fixation test showed the char- 
acteristic delayed rise in titer. A num- 
ber of other reports followed in which 
the presence of acute chorioretinitis was 
associated with a high or rising antibody 
titer, 18.24,.27,28,44 


Following this, surveys on patients 
with chorioretinitis showed a higher in- 
cidence of positive results from dye and 
skin tests than in a similar group of the 
“normal” population, suggesting that a 
number of cases are toxoplasmic. The 
difficulty is that most patients with cho- 
rioretinitis who have positive results on 
tests also have very low titers. A num- 
ber of investigators have tried to estab- 
lish the significance of various dye test 
titer levels. Our group feels that any pa- 
tient with chorioretinitis who has a posi- 
tive titer at 1:16 or higher should be 
suspected of having ocular toxoplasmo- 
sis, provided that no other cause can be 
established. A single positive result does 
not prove that the patient has ocular 
toxoplasmosis ; it serves only as a guide 
to indicate the possible presence of the 
disease. 
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The incident needed to stimulate 
further work was provided in 1952 by 
the studies of Wilder?! in a report show- 
ing that organisms with the morphologic 
characteristics of Toxoplasma’ were 
present in the necrotic retina of choric- 
retinal lesions in 53 human eyes. These 
lesions were quite characteristic in that 
the principal focus seemed to lhe in the 
retina, with secondary granulomatous 
reaction in the choroid and frequent 
thickening and inflammation of the over- 
lying sclera. The disease was unilateral 
in most cases. The disease in most of 
these eyes had been considered on clin- 
ical or pathologic grounds to be ocular 
tuberculosis. Jacobs, Cook and Wilder?! 
obtained 21 samples of sera from this 
group of patients at a later date. The 
following titers were found: one un- 
diluted ; one at 1:2; one at 1:4; seven at 
a titer of 1:16; four at 1:32; four at 
1:64; two at 1:256; one at 1:2,048. 
There was some immediate objection to 
a morphologic diagnosis of ocular toxo- 
plasmosis on these reported cases but, as 
one observer remarked, “What else 
could they be?” 


In 1955 Jacobs and associates** an- 
alyzed the results of the skin test and 


the methylene blue dye test performed 


on 193 adult patients with uveitis. 
Eighty-six of these patients had a non- 
granu'omatous form of the disease and 
107 had a granulomatous type. The diag- 
nostic criteria employed for the diagnosis 
of ocular toxoplasmosis in an individual 
case were 2s follows: 
1. An ocular picture believed com- 
patible with Toxoplasma infection 


2. A positive toxoplasmin skin test, 
with the dye test positive to a min- 
imum titer of 1:64 

3. Exclusion of other systemic gran- 
ulomatous infections 


With these criteria, about 35 per cent 
of the 105 cases of granulomatous cho- 
roiditis were attributed to toxoplasmosis. 


TR. AM. 
ACAD. OPHTH. 
This research team found an 80 per cent 
correlation between the skin test and the 
dye test in this group. In this and a 
former series, a total of 79 cases of ocu- 
lar disease were found which could be 
considered to be toxoplasmosis. [ifty- 
one of the patients showed a focal cho- 
roiditis or chorioretinitis ; 7 patients had 
old granulomatous chorioretinal foci 
with secondary acute allergic reactions 
superimposed ; 17 had generalized uve- 
itis; and 4 had retinal periphlebitis. 


The final proof that Toxoplasma can 
cause chorioretinitis in adults was fur- 
nished by Jacobs, Fair and Bickerton?? 
in 1954. They isolated Toxoplasma 
from the infected eye tissues of a pa- 
tient who had suffered from a prolonged 
and relapsing type of chorioretinitis. Or- 
ganisms also were observed histologically 
in the chorioretinal lesions. 


RESULTS OF OUR UVEITIS STUDIES 

We have conducted surveys on uveitis 
patients since 1947.* The following re- 
sults have been obtained: 


Methylene Blue Dye Test 
There were 1,072 samples of sera on 
which methylene blue dye tests were 
done, and in which complete studies 
on the patients were available. The sera 
were grouped according to the type of 
disease present in the eye: 
I. I ridocyclitis 
11. Chorioretinitis 
Panuveitis 
IV. Miscellaneous (eye diseases 
other than uveitis ) 
Table V is a composite of data from 


*I am indebted to Dr. Phillips Thygeson and Dr. 
Samuel Kimura for their advice and assistance in 
preparation of this paper. The three of us have col- 
laborated for ten years in operation of the Ul veitis 
Clinic at the University of California School of 
Medicine, and we have seen all p tients included 
in the survey. We are also indebted to many oph- 
thalmologists on the Pacific Coast, too numerous to 
mention here, for their cooperation in sending cases 
for survey, and furnishing information on the follow 
up care. 
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groups I, Il and III and shows the re- 
sults of the methylene blue dye test in 
the various age groups. Forty-four per 
cent of sera were positive at a titer of 


1:16 or higher. 


The frequency of positive and nega- 
tive tests in the various age groups can 
be estimated from the figures presented. 
It is known that the “normal” adult pop- 


ulation in the geographic area represent- 
ed by these tests shows about a 25 per 
cent incidence of tests positive in a titer 
of 1:16 or more. It is difficult to draw 
conclusions about the incidence of active 
ocular toxoplasmosis from these figures. 
The higher incidence of positive tests in 
the uveitis group suggests that toxoplas- 
mosis plays an important part in the 


etiology. 


AGES BY YEARS 


FIG. 16—Distribution of dye test titers according to age of patient in 649 cases of iridocyclitis. 


OCULAR TOXOPLASMOSIS 25 
TABLE V 
DistTRIBUTION OF Dye Test Titers ACCORDING TO 
Ace oF Patient 1072 Cases or Uveitis (Att Types ) 
1:4096 | 1 1 1 1 
x 1:1024 2 2 4 3 2 4 3 l 1 
1:64 l 4 8 113} 13 9/14] 11 7 2 3 l 
1:16 i! 6110118119 |27 91121 7| 2 
= Neg 3 | 19 | 20 | 23 | 62 | 82 | 88 | 86 185} 77155 | 41124] 7134 2 
AGES BY YEARS 
14096 | | | | 
1024 | | 
T T 7 
| eh 
“ £256 | | | | | | 
| | Le | 08 Sie el | o 
| 
| | | 
| | 
818 SIS ele 
3 $3 | 
So oS 
ee T T 
0 5 0 18 20 25 30 35 40 45 50 $5 60 65 70 75 80 


i 
: 
7 
q 


MICHAEL J. HOGAN 


TR. AM. 


ACAD. oPriiTH. 


OYE TEST TITERS 


| 


is 20 25 i * 40 45 50 55 60 65 70 75 


AGES BY YEARS 
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Distribution of dye test titers according to age of patient in 375 cases of chorioretinitis. 
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FIG, 18 


The subgroups represented in_ this 
chart are shown in figures 16, 17, and 18, 
which show the titers in patients with 
iridocyclitis, chorioretinitis, and the mis- 
cellaneous (control) groups. The inci- 
dence of positive tests in the chorioret- 
initis group is 50 per cent, and the titers 
tend to be higher than in the iridocyclitis 
and miscellaneous groups. 


Distribution of dye test titers according to age of patient in 158 miscellaneous cases. 


Toxoplasmin Test and Methylene 
Blue Dye Test: Comparative Analysis 


The correlation of the skin and dye 
tests in various types of uveitis and in 
the miscellaneous ow are shown in 


figures 19, 20, 21, 22 and 23. They con- 
firm the results previously presented by 
our group. Of 617 patients with uveitis, 
198 (32 per cent) had positive dye tests 
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| NUMBER 
400; 
3562 (56.46%) CASES 
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uveitis. 
Skin and methylene blue dyc tests, all 
uveitis. 
400 » 
00 
Positive ove Test 
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NUMBER 
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$4 (14.2%) 
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FIG. 20—Skin and methylene blue dye tests, iridocy- Pres 
laneous. 
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FIG. 21—Skin and methylene blue dye tests, chorio- FIG 
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TABLE VI 


SKIN AND Serovocic Tests In 1,241 Cases or Uvertris AND OrHer Eye DISEASES 


SKIN SEROLOGY 


| 
| 
| 


PPD 


ALL SKIN | pT 1:16 
HISTO. | TESTS NEG.|OR HIGHER 


C-R (386) 
Number 161 
Per cent 41 


74 168 
19 43 


I-C (670) 
Number 
Per cent 


312 
46 


75 151 


Diffuse 
uveitis 
(57) 
Number 
Per cent 


11 23 


Miscel- 
laneous 
(128) 
Number 
Per cent 


and 141 (23 per cent) had positive skin 
tests. Eighteen and one-half per cent had 
positive dye tests at 1:16 or higher and 


negative skin tests. We have always con- 


sidered the skin test as positive only 
when there are 10 mm. or more of indur- 
ation at the end of 48 hours. Also, it is 
probable that some dye tests would be 
positive in a titer lower than 1:16. The 
correlation, therefore, might be closer if 
other criteria were accepted. Other ob- 
servers have found this to be so. It is less 
easy to explain the group consisting of 
9.3 per cent of the patients who had a 
positive skin test and a negative dye 
test. Possibly serum titers at lower levels 
were present. 


The incidence of positive skin (36 per 
cent) and methylene blue dye (48 per 
cent) tests is considerably higher in the 
chorioretinitis group than in the other 
forms of uveitis and miscellaneous 
groups. The incidence of positive tests 
in the iridocyclitis group is about the 
same as that found in the general popula- 
tion. Figure 24 is a composite of the cho- 
rioretinitis and iridocyclitis groups to 


show the comparative frequency of posi- 
tive dye and skin tests in the two groups. 
This study, too, suggests that a certain 
proportion of chorioretinitis patients 
have ocular toxoplasmosis. 


Comparative Skin Test 
and Dye Test Findings 


The preceding table (table V1) pre- 
sents the results of all types of skin tests 
and the dye test in 1,241 uveitis cases. It 
is interesting that the frequency of posi- 
tive results on the toxoplasmin test is 
as high as that on the tuberculin test in 
the chorioretinitis group, but that the 
incidence of positive results on the toxo- 
plasmin test drops to 18 per cent in the 
iridocyclitis group, although positive re- 
sults on the tuberculin test remain at 46 
per cent. 


Case Reports 

The following cases have been select- 
ed as interesting examples of the prob- 
lems involved in the diagnosis of uveitis 
and toxoplasmosis. Some have been cho- 
sen to illustrate the results of treatment. 
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Case 1. L. R., age 51, white male missionary. 

We are indebted to Dr. C. P. Haseltine, 
Beaver Clinic, Redlands, California, for per- 
mission to present the findings in this unique 
case. 


History: The patient was working in Peru 
in November 1953 when the symptoms of 
malaria appeared. He developed chills, head- 
ache, fever, and anorexia. This continued for 
a week, at the end of which time he first con- 
sulted a physician. He was placed in bed and 
given intravenous fluids. Blood smears for 
malaria were positive. He was treated with 
Camoquin Hydrochloride, which stopped the 
fever and chills. His convalescence was pro- 
longed, and he had a disturbance of gait 
which persisted to the time when we first saw 
him (November 1954). 


Two weeks after onset of the general ill- 
ness, vision in the right eye became blurred 
and impeded by many floaters. At this time 
the patient developed a severe cough and 
was told that he had a virus pneumonia. The 
vision gradually became worse, and two weeks 
later the blurring occurred in the left eye. 
Following the pneumonia he was very weak 
and tailed to recover properly from his ill- 
ness. In May 1954 he was sent to Lima for 
ophthalmologic consultation. The diagnosis 
was bilateral chorioretinitis, and he was re- 
turned to the United States for treatment. 


Prior to the onset of this illness the pa- 
tient was exposed to insects (800 ft. altitude), 
but there were very few mosquitoes. He was 
working with a mule and some cattle, but 
they appeared to be healthy. The wife of an- 


TABLE 
ACQUIRED TOXOPLASM 
PATIENT L. R.. Ace 51, Wuitre MALE 


pec. 1953 


Malaria, tollowed in 2 weeks} Relapse malaria. 


by cough, and bilateral 
chorioretinitis. 


JAN. 1954 | | 


Chorioretinitis still active. 
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other missionary had had several attacks of 
pneumonia while they were stationed at the 
mission. 


At the first examination the vision in the 
right eye was 20/400 and in the left eye, 20/40. 
There was a moderate bilateral iridocyclitis. 
The right fundus showed a very large area of 
chorioretinitis superior to the disc, and a 
smaller one in the temporal periphery. The 
left fundus showed a large area of chorioret- 
initis superior to the disc, extending into the 
nasal and temporal portions of the fundus. 
Complete studies failed to reveal a cause for 
the illness or for the chorioretinitis. In No- 
vember 1954, blood was sent to us for a dye 
test. The result was positive in a titer of 
1 :32,768. The complement fixation test was 
positive at a dilution of 1:64. A complete 
uveitis survey by our group in late November 
1954 failed to reveal any other cause for the 
ocular disease. The right aqueous humor had 
a dye test titer of 1:16. By this time the gen- 
eral condition of the patient was excellent, and 
the general physical examination showel no 
abnormalities. 


Course: Table VII and figure 25 show the 
clinical and laboratory findings on this patient 
and his treatment during the subsequent ff- 
teen months. Treatment with Daraprim and 
sulfadiazine seemed to improve the ocular in- 
flammation at first, and there was a temporary 
drop in the methylene blue dye test titer. Con- 
tinued therapy failed to help, and there were 
exacerbations and remissions in the ocular 
inflammation. The patient was then given 
chloroquine, which seemed to result in im- 
provement. Both the dye test titer and activity 
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of the lesions decreased. Eventually there was 
complete healing. By March 1956 vision in 
each eye was 20/20 and the patient returned 
to his missionary duties. 


Comment: It is probable that the virus 
pneumonia which this patient had suffered 
subsequent to the malaria was really a toxo- 
plasmic infection. It is interesting that the 
eye lesions came on at about the same time 
as the pulmonary infection. The persistence 
of high dye and complement fixation test titers 
in this patient for a year after onset of the 
pneumonia was of great value in the diag- 
nosis. The low methylene blue dye test titer 
in-the aqueous humor shows the lack of value 
of this test on aqueous humor. In view of the 
reported successful experimental and clinical 
studies on toxoplasmosis with Daraprim and 
sulfadiazine, it is difficult to explain the poor 
response of the eye disease to treatment. 


Case M. D., age 44, male army officer. 
We are indebted to Colonel Robert Kelley, 
Letterman Army Hospital, for permission to 
publish the findings on this interesting patient. 


History: In July 1951, while in Cleveland, 
Ohio, this man developed a fever of 104° F., 
chills, and malaise, lasting about twenty-one 
days. He was treated at a Veterans Admini- 
stration Hospital. The elevated temperature 
gradually returned to normal. At the time he 
was thought to have amebiasis, but no or- 
ganisms were found. All other studies re- 


—Case 1, acquired toxoplasmosis. 


vealed no abnormality, including tests for 
brucellosis. He continued to have recurrent 
bouts of fever and chills following his trans- 
fer to the Army Hospital at Fort Sill. There 
were no pulmonary or skin lesions. About the 
first of November 1951 the patient observed 
that vision in the left eye was becoming 
cloudy, and a diagnosis of chorioretinitis was 
made. His visual acuity was 20/50 and there 
was a 6° scotoma (2/1000) just below fixa- 
tion. He was treated with cortisone, strepto- 
mycin, penicillin, Aureomycin, and emetine 
and was discharged from the hospital in 
January 1952 much improved. The eye con- 
dition and fever recurred in March 1952 and 
again in September 1952. After this the vision 
was recorded as 6/200. While this man was 
in Austria in February 1953 there was a re- 
currence. In January 1957 he had a relapse 
and was seen at Letterman Army Hospital, 
San Francisco. 


Examination: In January 1957, general 
physical examination showed no abnormali- 
ties. Vision in the right eye was 20/20 and 
in the left, 3/400. The right eye was normal 
The left cornea showed some nonpigmented 
fine white keratic precipitates and there was 
a mild iridocyclitis. The left vitreous showed 
a moderate number of coarse and fine opaci- 
ties. There were old healed flat chorioretinal 
scars in the extreme periphery at 4:00, 8:00, 
and 11:00 o'clock. The macular and peri- 


‘macular areas showed scarring with some 


pigmentation covering an area of approxi- 
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mately one disc diameter. The patient was 
kept in the hospital for twenty days; the 
vitreous gradually cleared and the iridocy- 
clitis disappeared. 


‘A complete uveitis survey was repeated by 
us on June 11, 1957. A moderately positive 
reaction followed the first test dose of puri- 
fied protein derivative (PPD), and strongly 
positive histoplasmin and toxoplasmin reac- 
tions were obtained. 


Laboratory findings: The following posi- 
tive methylene blue dye test titers were ob- 
tained : 

2/1/57  1:024 

3/27/57 1:8,192 (almost positive at 

1 :16,384) 

6/11/57 1:32,768 


Course: In view of the quiescence of the 
ocular lesions, further treatment was not 
recommended. There have been no further re- 
currences of the eye symptoms or of the 
systemic condition (August 1957) 


Comment: The close relation between the 
systemic illness and development of the ocu- 
lar condition indicates that they were due to 
an identical etiologic agent. The failure to 
find a specific cause of the patient’s illnesses 
in 1951 and 1952 suggests that he had had 
an active toxoplasmosis. The recurrences of 
his ocular disease also suggest such an infec- 
tion. The diagnosis was confirmed by the high 
and rising titer in the serologic tests. 


Case 3. F. G., age 53, white housewife. 


We are indebted to Dr. Ulrich Fritschi of 
Sacramento, California, for permission to 
study and publish the results of investigations 
on this patient. 


Chief complaint: Blurred vision, right eve, 
ten months. 


History: The right eye became inflamed 
and the vision blurred in April 1955. There 
was very little pain. Examination showed 
large mutton-fat keratic precipitates, posterior 
synechias, many cells, and a dense flare in 
the anterior chamber. The pupil was dilated 
with difficulty and the fundus could be seen 
very poorly Detailed laboratory and physical 
stucies failed to reveal a cause for the uveitis 
Within a few months after onset of the 
uveitis, the patient developed a rapidly prog 
ressive cataract. Because of failure of the dis 
ease to respond to streptomycin, Promizole, 
and hydrocortisone, the patient was referred 
to us for further evaluation. 


Past history: The patient had poor vision 


and an exotropia of the left eye for many 
years. This eye had never been inflamed. 


Examination: The right eve had fair light 
perception but poor projection. The intraocu- 
lar pressure was normal, the cornea was clear, 
and there were old crenating mutton-fat ker- 
atic precipitates. The aqueous showed 2 plus 
flare and cells. The iris stroma was atrophic, 
and there were scattered posterior synechias. 
The lens was completely cataractous. The left 
eye had 20/70 vision and a high retractive 
error, and there was an inferior conus of the 
optic disc. 


General physical examination and detailed 
laboratory studies failed to reveal a cause for 
the uveitis other than a probable toxoplas- 
mosis. 


Laboratory studies: Results of all skin tests 
were negative except that for toxoplasmin, 
which was strongly positive. The methylene 
blue dye test on the serum was positive in a 
titer of 1:1,024 and the aqueous humor titer 
was 1:128, which is unusually high. Subse- 
quently the complement fixation test changed 
from negative to positive at a 1:10 dilution. 
Cultures of aqueous humor in tissue culture, 
fertile eggs, and on HeLa cells were negative. 


Course: The patient was given a course of 
Daraprim and sulfadiazine by mouth, and the 
inflammation eventually cleared. We could not 
say whether a definite therapeutic response 
was obtained. A cataract extraction was done 
on the right eye in the latter part of 1956, 
and the patient was referred for further 
studies in March 1957. The results of the 
cataract extraction were excellent, but the up- 
per fundus of the right eye showed a tremen- 
dous area of healed chorioretinitis, extending 
from the disc to the periphery and resulting 
in preretinal veiling and obscuration of the 
macular area. | 


Comment: The severity of the lesion in the 
fundus, granulomatous nature of the anterior 
ocular inflammation, rapidly progressive cata- 
ract, absence of other possible causes of the 
disease, and significantly positive serologic 
and aqueous humor studies point to this case 
as being one of ocular toxoplasmosis. 


Case 4. F. H., age 32, white waitress 

Chief complaint: Blurred vision, one month 

History: Blurred vision developed in the 
left eye about the middle of September 1955. 
This was associated with pain in the eye and 
periorbital region. The patient was sent by 
her physician to an ophthalmologist who pre- 
scribed atropine, cortisone drops, and tetra- 
cycline by mouth. These failed to cause im- 
provement, and she was referred for further 
studies. 


Past history: Early in 1955 the patient had 
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been treated for a rather severe spastic co- 
litis. No other disease could be related to 
the present episode. Her mother had devel- 
oped tuberculosis when the patient was five 
years old, but results of follow-up tests in this 
patient were always normal. 


Examination: During October 1955, the pa- 
tient’s vision was 20/20 in the right eye, and 
there was no evidence of disease. The visual 
acuity in the left eye was 20/100. There were 
1 plus congestion, 3 plus flare, and 1 plus clot 
in the anterior chamber. There were no kerat- 
ic precipitates. Fundus examination showed 
4 plus vitreous opacities and a very large area 
of chorioretinitis in the lower nasal portion. 


Laboratory studies: The reaction to the sec- 
ond test dose of PPD was positive, and the 
toxoplasmin skin test was markedly positive. 
The methylene blue dye test was positive in a 
titer of 1:64, and the complement fixation test 
was positive at 1:10. The sedimentation rate 
was elevated to 30 mm. corrected (Win- 
trobe). General physical examination revealed 
no abnormalities. 


Course: Further dye tests during’ 1955 and 
1956 showed the methylene blue dye test titer 
to range between 1:64 and 1:256. In April 
1956, the titer rose to 1:1,024. During 1957 
the titer remained fairly constant at 1:256 and 
results of the complement fixation tests were 
negative. 


The patient was treated with chloroquine 
during November and December 1955, with- 
out effect on the ocular inflammation. Gradu- 
al clearing occurred by mid-January 1956, 
but about this time a new lesion appeared 
just above the old one. This new f cus grad- 
ually cleared, and in February 1956 the patient 
had vision of 20/30 in the affected eye, and 
only 1 plus flare and cells in the aqueous hu- 
mor. 


The disease finally became quescent and re- 
mained so until March 1957, when a severe 
acute relapse occurred. The visual acuity in 
the left eye was reduced to hand movements, 
and 3 plus cells and flare were seen in the 
aqueous humor. There were small white kerat- 
ic precipitates. The patient was given Dara- 
prim 75 mg. a day, sulfadiazine 2 gm. a day, 
and Meticorten 15 mg. a day. Fairly rapid 
improvement occurred, so that one month later 
the visual acuity was 20/70 and there was a 
plus-minus flare and cells in the anterior 
chamber. The vitreous continued to show 
about 3 plus cells and there was questionable 
activity in the chorioretinal lesion. 

Comment: This case illustrates the difficul- 
ties involved in the diagnosis of possible toxo- 
plasmosis. The low initial dye test titer in this 
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patient’s blood might have made the diagnosis 
of ocular toxoplasmosis questionable. How- 
ever, the increasing titer, development of a 
positive complement fixation test and rapid re- 
sponse to Daraprim and sulfadiazine present 


strong evidence in favor of a toxoplasmic 
origin 


Case 5. M. S., age 48, housewife. 


We are indebted to Dr. Dohrmann Pischel 
for permission to present the findings in this 
case. 


History: In May 1951 the patient developed 
discomfort in the left eye, followed by con- 
gestion, blurring, and photophobia. This was 
treated, and over a period of six weeks it 
gradually cleared, but there was some residu- 
al blurring. In October 1951 there was a re- 
currence, persisting to March 1952, when we 
first saw the patient. Examination at that 
time showed that the right eye was entirely 
normal and that the left eye had 20/50 vision 
with 1 plus congestion, 3 plus cells and flare 
in the anterior chamber, 2 plus fine anterior 
vitreous opacities, and a rather large, very 
indistinct area of yellowish chorioretinitis 
along the superior temporal vessels. The pa- 
tient was treated with cortisone, diathermy, 
Omnadin, and atropine, and the lesion gradu- 
ally cleared. 

In October 1952 there was a relapse. At 
this time a survey showed only a positive tu- 
berculin test result in the first test dose of 
PPD. Results of toxoplasmin skin test and 
the methylene blue dye test were negative. The 
erythrocyte . sedimentation rate (corrected) 
was 25 mm. (\Wintrobe), and the white blood 
count was 10,400 per cubic millimeter. An ex- 
planation for the elevated sedimentation rate 
was not found. It was recommended that a 
biopsy of a neck gland be obtained (not done), 
and that the patient be treated with strepto- 
mycin and para-aminosalicylic acid. This was 
done and the disease gradually quieted, but the 
patient was left with very blurred vision. Sub- 
sequent exacerbations and remissions occurred. 

We saw the patient again in February 1957 
because of continued relapses. She was hos- 
pitalized, and a complete survey was repeated. 
The skin tests still showed a positive tuber- 
culin reaction and a _ positive reaction to 
brucellergin. The toxoplasm:n skin test was 
negative. The sedimentation rate was normal. 
Physical examination an! other laboratory 
studies failed to show any abnormality except 
the methylene blue dye .test titer, which was 
now 1:256 and arose to 1:1,024 a month later. 
During the next five months the dye test titers 
were 1:256. The complement fixation test re- 
mained negative. 
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In August 1957 the right eye was normal. 
The left eye had only light perception, and 
the cornea was quite hazy because of epi- 
thelial edema and a massive deposition of 
large mutton-fat keratic precipitates on the 
lower two thirds of the cornea (fig. 26). 
There were 4 plus cells and flare in the an- 
terior chamber, extensive posterior synechias, 
a number of nodules in the iris stroma, and 
cataractous changes in the lens. The vitreous 
and fundus could not be seen, although light 
projection was fairly good. 


> 
& 
FIG. 26——-Acquired ocular toxoplasmosis, 


precipitates. 


Past history: In 1929 the patient had de- 
veloped persistent diplopia. In 1938 she had 
had a left optic neuritis for two months with 
complete clearing. A recurrence of the neu- 
ritis occurred in 1948, and the vision was de- 
creased for six weeks. She was told that it 
was possible that she had multiple sclerosis, 
but further symptoms of this disease have 
failed to develop. Other than several psoriatic 
lesions on her had always been 
healthy. 


legs, she 


Course: The accompanying graph (fig. 27) 
shows the course of the disease and the treat- 
ment instituted for this patient. The response 
to Daraprim and sulfadiazine and Meticorten 


severe 
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was excellent, and at the present time only 
very low grade activity can be seen in the 
anterior segment. 


Comment: The reversal of a previously 
negative dye test to one which was positive 
is evidence of a toxoplasmic infection. The 
failure to respond to antituberculous drugs, 
and the fairly prompt response to sulfadia- 
zine and Daraprim would tend to confirm our 
opinion that this is an example of ocular toxo- 
plasmosis. 


with mutton-fat keratic 


inflammation 


anterior 


Therapy of Toxoplasmosis 
Karly studies showed an in vitro and 
in vivo sensitivity of Toxoplasma to sul- 
fonamides and to some antimalarials. 
Subsequent clinical studies in humans 
with these drugs and chemicals were dis- 
appointing. Eyles and Coleman’ later 
showed that Toxoplasma infections in 
experimental animals were responsive to 
combinations of sulfadiazine and pyri- 
methamine (Daraprim), an antimalarial, 
and that these combinations were syner- 
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FIG. 27—-Case 5, acquired toxoplasmosis. 


gistic in their action. Ryan and co-work- 
ers*? showed that these drugs were ef- 
fective in human ocular toxoplasmosis. 
This was confirmed by Perkins and co- 
workers.”° 

Since the reports of Eyles, we have 
employed these chemicals, individually 
and in combination, in a fairly large se- 
ries of patients. A number were given 
these medications in appropriate doses 
for two to three weeks. The treatment 
was usually carried out for a five day 
period, with a two day rest, followed by 
another five day course. Blood and urine 
studies. were made at weekly intervals to 
detect drug toxicity. Occasional patients 
seemed to show a response, but the re- 
sults have been disappointing. An im- 
proved outcome seems to have been ob- 
tained recently by the addition of prednt- 
sone or prednisolone to the above regi- 
men. It is impossible to assess the results 
of such therapy in a large number of 
these patients because of the frequent 
uncertainty concerning the original di- 
agnosis. 


In 6 patients with almost certain evi- 
dence of a toxoplasmic ocular inflamma- 
tion, only one showed a response to ther- 


apy which could be considered due to 
the treatment. In 12 other patients, some 
with evidence of a late relapse of a con- 
genital infection or with probable ac- 
quired ocular disease, only 3 .gave 
prompt response to this therapy. It 
should be noted that one fairly definite 
case (case 1) of acquired ocular toxo- 
plasmosis reported in this paper failed 
to respond. It is not surprising that 
such chronic or long-standing cases 
should fail to respond to the medication, 
because the inflammatory exudate and 
reaction to the inflammation might pre- 
vent access of the drug to the organisms. 
These therapeutic studies can be summed 
up by saying that the outcome often was 
disappointing. 


Summary and Conclusions 


1. The acute manifestations of con- 
genital toxoplasmosis are well estab- 
lished and include chorioretinitis, en- 
cephalomyelitis and visceral inflamma- 
tion. 

2. Ocular toxoplasmosis may be over- 


looked in an apparently healthy child 
until attention is directed to the eves by 
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the development of a strabismus, by de- 
tection of amblyopia in one or both eyes 
during a routine eye examination, or by 
the development of increased blurring 
due to a late relapse of the chorioretinal 
inflammation. 


3. Thirty-six cases of congenital ocu- 
lar toxoplasmosis are reported. This 
study reveals that less than 20 per cent 
showed evidence of cerebral calcification 
which could be considered to be toxo- 
plasmic ; that the condition was unilateral 
in 30 per cent of the patients ; that 33 per 
cent of the patients had a late relapse of 
the congenital infection ; and that 55 per 
cent had a strabismus. 


4. Nine of these patients had positive 
results of dye tests and negative results 
on skin tests, indicating that the skin 
test is less reliable for diagnosis than the 
dye test. Twenty-five per cent had dye 
test titers in excess of 1:512, and almost 
30 per cent had titers between 1:128 and 


5. In addition to the 36 cases of con- 
genital toxoplasmosis, we have observed 
four others with a late relapse of con- 
genital toxoplasmic infections. Toxo- 
plasma was isolated from the enucleated 
eye of one of these patients twenty years 
after birth. 


6. Ocular inflammation rarely occurs 
during the course of acute postnatally 
acquired systemic toxoplasmosis, al- 
though some cases have been reported. 

7. In uveitis cases, questionable en- 
larged lymph nodes should be excised 
for microscopic and cultural studies. 


8. The methylene blue dye tests on 
1,072 patients with uveitis in various age 
groups showed 44 per cent of the sera to 
be positive in a titer of 1:16 or higher. 
This can be compared to a 25 per cent 
incidence in a miscellaneous group of 
nonuveitis cases. 

9. The correlation of results of the 
methylene blue dye test and the toxo- 
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plasmin test in 617 cases of uveitis re- 
vealed that in 32 per cent results of dye 
tests were positive and in 23 per cent 
results of skin tests were positive. Forty- 
eight per cent of patients with chorio- 
retinitis reacted positively to dye tests 
and 36 per cent reacted positively to skin 
tests. This can be compared with 25 per 
cent and 18 per cent of the normal pop- 
ulation in this area. 


10. The various skin tests in 1,241 
cases of uveitis and in a miscellaneous 
group disclosed that approximately 40 
per cent of the patients with chorioret- 
initis and 18 per cent of the patients 
with iridocyclitis had positive reactions 
te toxoplasmin tests. In this same group, 
43 per cent of those with chorioretinitis 
and 23 per cent of those with iridocy- 
clitis had positive dye test titers. The 
percentage of incidence of positive dye 
and skin tests in the iridocyclitis group 
was the same as 1n the control group. 


11. In the cases studied there were 
five of acquired adult ocular toxoplasmo- 
sis. Two of these were associated with 
acute systemic infections. 

12. Daraprim and sulfadiazine ther- 
apy of acquired ocular toxoplasmosis 
was found to be disappointing, but fur- 
ther studies seem to be warranted. 
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REQUISITES FOR POSTOPERATIVE THIRD DEGREE FUSION 


RayNnotp N. Berke, M.D. 


HACKENSACK, NEW JERSEY 


Tue standard of perfection in sur- 
gical operation for strabismus is_ the 
attainment of single binocular vision 
with good stereopsis. But how does one 
achieve this result? Why does one pa- 
tient develop a functional result and an- 
other fail to do so when the age of the 
patient, the deviation, the refractive er- 
ror and the amount of correction done 
are essentially the same in each? 


If ons: could tell from the clinical data 
which pitients had a good prognosis for 
a functional result and which did not, 
then a high percentage of such results 
could be achieved in the favorable cases 
and much needless effort avoided in 
the rest. The purpose of this article is 
to point out which factors promote and 
which hinder the attainment of this ideal 


in surgical procedures to correct stra- 
bismus. 


MATERIAL FOR STUDY 


This survey, based on 256 consecutive 
surgical patients from private practice, 
consists of 96 patients with simple eso- 
tropia without hypertropia, 36 with eso- 
tropia and overaction of one inferior ob- 
lique, 67 patients with esotropia with ov- 
eraction of both inferior obliques, 17 pa- 
tients with simple exotropia without hy- 
pertropia, and 40 patients with various 
types of hypertropia with little or no 
horizontal squint, some of whom had 
congenital paralytic strabismus with fu- 
sion in some part of the binocular field 
of fixation. Of the entire group, 55.9 per 


Presented at the Sixty-Second Annual Session of 
the American Academy of Ophthalmology and Oto- 
laryngology, Oct. 13-18, 1957, Chicago. 


cent had strabismus associated with hy- 
pertropia and 16.8 per cent had inter- 
mittent strabismus (table |). 


Patients with purely accommodative 
squint or with cataract, aphakia, central 
choroiditis, optic atrophy, opaque media, 
or Duane’s retraction syndrome, as well 
as patients whose history includes a pre- 
vious operation or an acquired extra- 
ocular muscle paralysis, were excluded. 


The parents were carefully questioned 
as to the child’s age at the onset of squint 
and the initial nature of the deviation 
(constant or intermittent). During each 
visit the vision was tested with and with- 
out glasses, using the “E” chart when 
necessary. An atropine cycloplegic re- 
fraction was always done on the eyes of 
children, and full or almost full correc- 
tion was ordered when indicated. The 
amount of strabismus was measured sev- 
eral times before operation with prisms 
and the cover test at 20 feet and at 13 
inches with and without glasses, with 
the eyes in the primary position. The 
horizontal and vertical components of 
the deviation were also measured in eyes 
directed to the right and to the left at a 
distance of 13 inches, as well as in eyes 
straight up and in eyes straight down in 
the midline plane. When the cooperation 
was good, the vertical and the horizontal 
deviations were determined in the cor- 
ners as well. 


For patients under 6 years old with 
unilateral constant strabismus, contin- 
uous monocular occlusion was pre- 
scribed for a period of one to 36 months 
(average 14.5 months) to improve the 
vision of the amblyopic eye. Alternate 
occlusion was carried out in patients with 
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TABLE | 
Type oF STRABISMUS IN 256 PATIENTS WITH CONSTANT AND INTERMITTENT SQUINT 


CONSTANT SQUINT | INTERMITTENT SQUINT | 
TYPE OF SQUINT No. OF | PER CENT | No. OF PER CENT rOTAL 
CASES witH 3° | CASES WITH 3° NO. OF 
FUSION | FUSION CASES 
ST without HT 96 
Assorted HT 25 24 oo | 


alternating constant strabismus to pre- 
vent active suppression and anomalous 
retinal correspondence. Active, formal 
orthoptic treatment was rarely given for 
amblyopia or suppression. 


ach patient was examined an average 
of five times over an average period of 
13.6 months before operation while 
waiting for the squint to become stabil- 
ized or for the amblyopia to improve. In 
preschool children an attempt was al- 
ways made to correct the strabismus be- 
fore school age. The amount of correc- 
tion attempted in each instance was 
gauged to the amount of deviation pres- 
ent and usually divided between the two 
eyes except in the monocular cases. 
When one or both inferior oblique mus- 
cles pre xluced 8 or more prism diopters 
of hypertropia in adduction, one or both 
inferior oblique muscles were usually 
myectomized or recessed. If the hyper- 
tropia measured less than 8 prism di- 
opters in adduction, or was not constant 
in character, it was usually ignored and 
only the horizontal deviation corrected. 
In a few instances of isolated overaction 
of one or both inferior or superior ob- 
lique muscles, only the offending oblique 
muscle was subjected to surgical opera- 
tion. 


After operation the vision was record- 
ed and the amount of strabismus mea- 


sured with prisms and the cover test, as 
before operation. Tests for fusion were 
made at this time, using first the Worth 
four dot test for distance and near. 
The arrow test (fig. 1) in the stereo- 
scope was used next to test for para- 
macular third degree fusion, after which 
macular stereopsis was elicited and 
graded by means of the Keystone DB 
card 6-33781 (fig. 2). Occasionally the 
fly test with polaroid glasses, the Ver- 
hoeff stereoscopic test, or some other 
stereoscopic cards were employed. 


The stereoscope, rather than the syn- 
optophore, was used to test for stere- 
opsis because I believe that it approxi- 
mates normal everyday third degree fu- 
sion more closely and gives fewer false 
positive findings than does the major 
amblyoscope. Also, the stereoscope, be- 
ing simpler and quicker to use, enabled 
the examining physician to make these 
tests himself during a routine examina- 
tion. 


In no case was third degree fusion as- 
sumed to be present from the appearance 
of the eyes or their reaction to the cover- 
uncover test; patients with apparent bin- 
ocular fixation were not classified as hav- 
ing a functional result unless they also 
passed these tests for stereoscopic vision. 
Several who were able to fuse the four 
dot test for distance and near failed all 
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FIG. 1 


“Arrow test” for paramacular fusion. When this card is placed in a stereoscope, 
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(Javal G) 


a patient with 


paramacular stereopsis sees a 2-arrow weather vane, in which the top arrow points in one direction and the 
bottom arrow po‘nts at an angle of 90 degrees to the first. When suppression exists, one arrow always looks 


longer. 


tests for third degree fusion, and a few 
who fused the arrow test failed the 
Keystone DB card test and vice versa. 
Thus, of the 60 patients who manifested 
stereopsis on these tests, 16.7 per cent 
had fusion on the arrow test only, 73.3 
per cent had 20/200 to 20/15 macular 
fusion on the DB card test, and 10 per 
cent had third degree fusion on other 
tests. 


As a rule none of these tests for stere- 
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opsis was entirely satisfactory for pa- 
tients less than 5 years old. For this rea- 
son the younger children were re-exam- 
ined when old enough to understand 
what was expected of them. 


When last seen, the youngest of the 
60 patients with postoperative third de- 
gree fusion was 5.5 years, the oldest was 
52, and the average age was 13.75 vears; 
the shortest follow-up was 6 months 
(two patients), the longest 19.5 years 
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FIG. 2—Keystone test for macular fusion. When this card is placed in a stereoscope, a patient with macular 
stereopsis sees one of the five characters on each line “closer’”’ to him than the rest. The degree of stereoscopic 
vision is graded from 20/200 in line 1 to 20/15 in line 10. 
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Taste II 


Errecr oF Visuat Acuity on Tuirp Decree Fusion in 256 Cases 
OF CONSTANT AND INTERMITTENT SQUINT 


Z. 

2 40 = 
30 

20 

10 

0 . i 

VISION 20/200 | 20/100 | 20/70 | 20/50 | 20/40 | 20/30 | 20/20 

No. of Cases Be 10 16 17 18 70 88 

No. with 3° 0 0 0 0 2 22 36 

Per Cent with 3° | 0 0 0 0 1.1 31.4 40.9 


(one patient), and the average 5.3 years. 
Of the 60 cases, 93.3 per cent were fol- 
lowed for one year or more. When third 
degree fusion was absent, the average 
follow-up was somewhat less, being 3.8 
years for 80 patients with amblyopia in 
one eye and 4.7 years for the remaining 
116 patients with good vision in each 
eye. 


In 59 of the 256 patients (23.3 per 
cent) a second operation accounted for 
the short follow-up. However, since 
the results of the secondary operations 
have been omitted in this analysis, all 
‘patients who required a second opera- 
tion were classified, in this paper, as 
functional failures even though they de- 
veloped stereopsis after the second oper- 
ation. 


ANALYSIS OF MATERIAL 

The pertinent preoperative, operative 
and postoperative data for each patient 
were tabulated and correlated with the 
final result to learn which elements of 
the deviation favored and which prevent- 
eda functional result. 


Factors of little or equivocal impor- 


tance were the refractive error (except 
anisometropia of sufhcient magnitude to 
amblyopia ex anopsia); the 
amount of esotropia, exotropia or hyper- 
tropia present before operation; the age 
of the patient at the time of operation; 
the type of operation done; the number 
of orthoptic exercises given; the pres- 
absence of anomalous retinal 
correspondence (testing was not always 
done before or after operation) ; obvi- 
ous anatomical anomalies in the orbit or 
postoperative adhesions; manifest le- 
sions of the optomotor pathways ; heredi- 
ty; and the position of the eyes under 
general anesthesia. These factors were 
considered to be of minor or of uncer- 
tain significance because no one of them 
alone seemed to play a dominant role in 
preventing or achieving postoperative 
third degree fusion. 


cause 


ence OT 


In the text and the tables which fol- 
low, “full correction” indicates a resid- 
ual horizontal deviation (phoria or tro- 
pia) of 10 prism diopters or less and a 
vertical of 2 prism diopters or less in the 
primary position, with glasses if needed. 
“Good vision” means 20/40 vision or 
better with or without glasses. 
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EFFECT OF VISUAL ACUITY ON THIRD 
DEGREE FUSION 


The malignant effect of amblyopia ex 
anopsia on postoperative third degree 
fusion is illustrated in table II, which 
shows that the percentage of functional 
results increased dramatically from 
zero to 40.9 per cent as the visual acuity 
ot the amblyopic eye improved from 
20/50 (or less) to 20/20. Since no pa- 
tient with a visual acuity of 20/50 or 
worse developed postoperative third de- 
gree fusion, it is obvious that amblyopia 
ex anopsia of these proportions was an 
insurmountable obstacle to achieving a 
functional result in surgically corrected 
squint. 


When third degree fusion occurred in 
the presence of mild amblyopia, the 
quality of the stereopsis was always in- 
ferior, because no patient with 20/40 vi- 
sion in the amblyopic eye developed bet- 
ter than 20/40 macular stereopsis. This 
observation on the limiting effect of poor 
vision on stereopsis applies only to am- 
blyopia ex anopsia associated with mon- 
ocular strabismus, and does not apply 
to poor vision from other causes. 


The observation that no patient with 
a visual acuity of 20/50 or worse in the 
amblyopic eye developed third degree 
fusion does not mean that a child with 
20/70 or 20/50 vision in one eye cannot 
develop stereoscopic vision later in life. 
Hewever, if he does so, the vision in the 
amblyopic eye must be better than 20/50 
when the vision in the other eye reaches 
20/20. Thus, the visual acuity of the two 
eyes cannot differ by more than two 
lines on the Snellen chart if third degree 
fusion is to be obtained on the tests used 
in this survey. 


These observations agree with those 
of Anderson,':? Cashell5 and others, but 
they apparently disagree with those of 
Nordlow,”° who found stereoscopic vi- 
sion in about one third of his patients 
when the visual acuity was 20/50 or 
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less in one eye and 20/20 in the other 
with correction. Since all of his tests for 
stereopsis were done on the synopto- 
phore, using relatively large targets, the 
apparent disagreement between his find- 
ings and those reported here may be at- 
tributed to the difference of the tests 
used. 


EFFECT OF AGE AT ONSET ON 
THIRD DEGREE FUSION 


Because poor vision in one eye pre- 
vented postoperative third degree fu- 
sion in both constant and intermittent 
squint, all of the 80 patients who had 
one amblyopic eye with a visual acuity 
of 20/50 or worse were eliminated. The 
remaining 176 instances of patients with 
20/40 or better vision were then tabulat- 
ed to demonstrate the effect of the age 
at onset on the percentage of functional 
results obtainable. Table [11 shows that 
the percentage of functional results in- 
creased significantly as the age at onset 
increased. For example, when the onset 
occurred after the child was 5 years old, 
66.6 per cent of the children developed 
third degree fusion; but when it oc- 
curred at birth, only 11.1 per cent did so. 
Hence, the age at onset was a potent fac- 
tor in limiting the percentage of func- 
tional results obtained following surgical 
operation to correct strabismus. 


Since only the patients with intermit- 
tent strabismus, and none with constant 
strabismus, developed third degree fu- 
sion when the strabismus was congeni- 
tal, it is obviously futile to try to get a 
functional result when treating constant 
strabismus dating from birth. This ob- 
servation is in agreement with those 
of Gibson,'© Anderson,'? Houlton,’ 
Kempe,'® Douglas!’ and Doggart,'? all 
of whom have emphasized the poor prog- 
nosis for a functional result when treat- 
ing constant strabismus dating from 
birth. Thus, even though Riise*° report- 
ed third degree fusion following early 
operation on two patients with strabis- 
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Taste Ill 
Errect or AGE At ONSET ON THIRD Decree Fusion 1n 176 CASES OF 
CONSTANT AND INTERMITTENT SQUINT WITH Goop VISION IN EacH EYE 
| | 
60 4 

| 

@ 

° | 40 

| 
| AGE AT ONSET AT | OQ TO 1 ro 2 To 3 TO 4 To OVER UN- 
OF SQUINT BIRTH l YR 2 YR. 3 YR 4 YR 5 YR. 5 yk. | KNOWN 

No. of Cases 3% 17 16 46 20 16 15 19 

No. with 3° 4 2 4 19 ) a 10 4 

| Per Cent with 3° 11. 11.7 25 41.3 45 50 66.6 40 
mus occurring before either was 6 The duration of squint can be mea- 
months of age, most observers would — sured in units of time (months or years ) 


agree with Law,'? who said that “with 
the rarest exceptions, a binocular result 
is never obtained when 
dates from birth.” 


the deviation 


However, since the age at onset had 
little or no effect on the percentage of 
functional results when the deviation 
was intermittent, one must concur with 
Lyle and Foley,’ Cooper,’:? Costenbad- 
* and Luhr and Schlossman?® that the 
prognosis for a functional result is al- 
ways good when the deviation is inter- 
mittent. 


eT 


EFFECT OF DURATION OF SQUINT ON 
THIRD DEGREE FUSION 


The duration of squint (DOS) may 
be defined for the purpose of this paper 
as the time interval between the age at 
onset and the age at operation, both of 
which have great prognostic significance 
for a functional result. 


or in terms of a percentage of the pa- 
tient’s lifetime. In the percentage meth- 
od, the percentage is calculated as fol- 
lows: If a constant squint began at 
birth, the DOS would always be 100 per 
cent; if it began at 3 years and was cor- 
rected at 4 years, the DOS would be 25 
per cent (1 is 25 per cent of 4); if it 
began at 3 years and was corrected at 
6 years, the DOS would be 50 per cent 
(3 is 50 per cent of 6). Table IV was 
designed to illustrate the relative mer- 
its of calculating the DOS by the umt 
of time method as against the percentage 
method for estimating the prognosis for 
a functional result in six children with a 
DOS varying from one to six years’ 
duration, in all of whom a constant 
squint began at birth. One would expect 
that, everything else being equal, patient 
1, with a DOS of one year, would have 
a better prognosis for third degree fu- 
sion than patient 6, with a DOS of six 
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TasLe IV 
EFFECT OF THE DURATION OF 1HE SQuINT (DOS) on Tuirp Decree Fusion 


WHEN MEASURED IN YEARS OR IN A PERCENTAGE OF PATIENT'S LIFETIME 


PATIENT l 2 3 5 | 
Age at onset Birth Birth Birth Birth Birth | Birth 
Age at operation 1 2 3 4 5 oe 6 
DOS in years l 2 3 
DOS in percentage of | | | 
patient’s lifetime 100 100 100 100 | 100 100 
Prognosis Poor Poor Poor Poor | Poor Poor 


years. But experience has shown that 
the prognosis is equally poor in all, be- 
cause patients with constant squint dat- 
ing from birth rarely, if ever, develop a 
functional result, even when the devia- 
tion is fully corrected later in life. 


Thus, since the DOS was 100 per cent 
in all when calculated by the percentage 
method, and since the DOS varied so 
much when measured by years, the per- 
centage method gives a clearer picture of 
the prognosis for a functional result 
than does the unit of time method. 


Many writers, including Cooper,’* 
Gibson,!© Lyle,?! Cashell,> have em- 
phasized that the prognosis for a func- 
tional result is poor when the operation 
is delayed until the patient is 6 years old 
or older. This statement is generally true 
but may be misleading unless the age at 
onset and the duration of the squint are 


| 
| 


considered. For instance, table V_ illus- 
trates the vast difference of the progno- 
sis for third degree fusion in seven chil- 
dren with constant squint, in whom the 
age at onset varied from birth (in pa- 
tient 1) to 6 years (in patient 7), and 
on whom an operation was done to cor- 
rect the squint at 6 years in each case. 
Experience has shown that, everything 
else being equal, cases 6 and 7 (with a 
DOS of 16.6 per cent and 0 per cent re- 
spectively) have an excellent prognosis 
for postoperative third degree fusion; 
cases 1 and 2 (with a DOS of 100 per 
cent and 83.3 per cent respectively ) have 
a poor prognosis, and cases 3, 4 and 5 
(with a DOS of 66.6 per cent to 33.3 
per cent) have a fair to good prognosis. 
Since the age of the patient was the same 
at operation in all seven children, and 
since the prognosis for a functional re- 
sult varied so much, it is clear that the 


TABLE V 
EFFECT OF THE DURATION OF THE SguIntT (DOS) on Tuirp Decree Fusion 


WHEN MEASURED IN YEARS OR IN A 


PERCENTAGE OF PATIENT'S LIFETIME 


PATIENT | l | 5 | | 
Age at onset | Birth 1 2 | 3 4 | 5 | 6 
Age at operation | 6 6 6 | 6 6 6 6 
DOS in years | 6 5 4 | 3 | 2 a 0 
DOS in percentage of | “| | | 
patient’s lifetime 100 83.3 i Bs 16.6 0 
Prognosis | Poor Poor Fair | Good | Good |Excellent|Excellent 
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percentage method gives a more accurate 
estimate of the prognosis than does mere 
consideration of the age of the patient 
at operation. 


The variable prognosis in these seven 
cases may be explained by assuming that 
any child who develops a constant squint 
at age five or later has a fully, or almost 
fully, developed fusion faculty which is 
not quickly lost; and that another child, 
whose squint began at the age of three, 
has an incompletely developed fusion 
sense which, because it is less than fully 
developed, deteriorates more quickly. In 
both instances binocular single vision 
with stereopsis can be re-established, 
provided the vision is good in each eye 
and the squint is fully corrected before it 
has existed too long. However, an infant 
with constant squint+dating from birth 
has little or no fusion ability, and little 
or no chance of developing it later even 
though the deviation may be fully cor- 
rected early in lite. 


In trying to explain why these patients 
with constant squint dating from birth 
never developed third degree fusion, 
Worth*® assumed the existence of a de- 
fective or absent fusion faculty as the 
primary cause. Chavasse,° however, de- 
clined to accept this idea and claimed 
that most infants with congenital squint 
would develop normal fusion if the de- 
viation were fully corrected before 2 


years. Several authors, among them 
Lyle-? and Costenbader,? have en- 
dorsed this theory, but Morgan and 


Arstikaitis** and others have denied that 
the functional results are better with 
early operation. Despite the fact that 
Chavasse’s theory has been widely ac- 
cepted, there are to date no published 
reports to prove that this worthy objec- 
tive has been accomplished in a substan- 
tial percentage of constant squints dating 
from birth. 


EFFECT OF DURATION OF STRABISMUS 
ON THIRD DEGREE FUSION 


When the 80 amblyopic cases were 
eliminated and the duration of the 
squint calculated by the percentage 
method, it became strikingly apparent 
that the duration of the squint had an 
enormous influence on the percentage of 
functional results obtained. Thus, of 138 
patients with constant squint, only 1.9 
per cent had a functional result when the 
duration was 75 per cent or more, while 
96.2 per cent did so when the duration 
was 25 per cent or less (table VI). Con- 
sequently, it is evident that the progno- 
sis for a functional cure was extremely 
poor when the duration was very long, 
but very good when it was very short. 
This opinion is shared by Lyle,?! Doug- 
las,'’ Gibson,'® Cashell> and others. 


When the deviation was intermittent, 
a long duration had a much less devas- 
tating effect on the functional results. 
In 38 such instances the percentage of 
functional cures was never less than 
62.5 per cent, even when the duration 
was over 75 per cent (table VI). How- 
ever, when the duration was shorter, the 
percentage of functional results in- 
creased only slightly, indicating that the 
duration had little or no retarding effect 
on the results in these instances. This 
conclusion confirms the opinion of other 
writers on the subject, among them Luhr 
and Schlossman,’° Lyle and Foley,?> and 
Costenbader.? 


EFFECT OF RESIDUAL STRABISMUS ON 


THIRD DEGREE FUSION 
In order to appraise the influence of a 
residual deviation on the functional re- 
sults when the vision was good in each 
eye, the 38 patients with intermittent 
squint and the 138 patients with constant 

squint were analyzed separately. 
When the squint was fully corrected, 
100 per cent of the group with intermit- 
tent squint but only 66.6 per cent of the 
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Tasie VI 


Errect OF DURATION OF THE SQUINT ON THIRD Decrer Fusion IN 138 PATIENTS WITH 
ConsTANT SQUINT AND 38 PATIENTS WITH INTERMITTENT SQUINT } 
WITH Goop VISION IN EaAcH EYE 


PER CENT WITH 3° FUSION 


DURATION OF SQUINT 
(PERCENTAGE OF 
PATIENT S LIFETIME) 


u 


Number with constant squint 
Number with 3° fusion 
Per cent with 3° fusion 


Number with intermittent squint 
Number with 3° fusion 
Per cent with 3° fusion 


83.3 


o 


* @= Percentage of constant squint with 3° fusion 


Ome ee oe @ = Percentage of intermittent squint with 3° fusion 


group with constant squint developed 
postoperative third degree fusion; but 
when a residual deviation persisted, only 
41.1 per cent of the former and none of 
the latter got a functional result (tables 
VII, VIII). Therefore, it is clear that 
the percentage of functional results was 
always greater for both groups when 
the deviation was fully corrected, but 
was much reduced in the group with in- 


termittent squint and completely abol- 
ished in the group with constant squint 
when a residual squint persisted. In oth- 
er words, the prognosis for a functional 
result was always better in the group 
with intermittent squint, especially when 
the deviation was fully corrected; and 
always worse in the group with constant 
squint, particularly when a residual 
squint persisted. 


“3 
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Taste 
Errect OF ResIpUAL SQUINT ON THIRD Decree Fusion 1n 38 Parrents 
WITH INTERMITTENT SQUINT WITH Goop VISION IN EAcH EYE 
| wuirHout * WITH 7 
| RESIDUAL SQUINT | RESIDUAL SQUINT | TOTAL NUMBER 
Number oi cases be 21 17 | 38 
Number with 3° fusion Bits 21 | 7 28 
Per cent with 3° fusion 100 41.1 73.6 


Less than 104A of residual deviation (phoria or tropia) 
* More than 10A of residual deviation (phoria or tropia) 


Tasie VIII 


Errect OF RestpUAL SQUINT ON THIRD Decree Fusion In 138 Patients 
witH CONSTANT SQUINT WITH Goop VisION IN Eacu Eye 

WITH 7 

RESIDUAL SQUINT 


witHourT * 


RESIDUAL SQUINT TOTAL NUMBER 


Number of cases 


Number with 3° | fusion 


Per cent ‘with 3° fusion 


Less than 10A 
More than 10A 


of residual deviation (phoria or tropia) 
of residual deviation (phoria or tropia) 


When the deviation was fully correct- 
ed and the duration of the squint was 
50 per cent or less, 92.7 per cent of the 
group with constant squint developed 
third degree fusion, but only 36.8 per 
cent did so when the duration was over 
50 per cent (table [X.). Hence, the dura- 
tion of a constant squint materially af- 


fected the results, even when the stra- 
bismus was fully corrected and the vision 
was good in each eye. Also, since none 
of these patients developed postoperative 
stereopsis in the presence of a residual 
squint, it is plain that the prognosis for 
a functional result in constant squint is 
good only when (1) the deviation is ful- 


TABLE 1X 


Errecr oF DURATION OF THE SQUINT AND OF A RESIDUAL DEVIATION 
on Tuirp Decree Fusion 1n CONSTANT SQUINT 


DURATION OF 


THE SQUINT 


50% 


OR LESS 


Number without a residu; ul squint 


Number with 3° 


fusion 


Per cent with 3° fusion 


Number with a residu: ul squint 


Number with 3° fusion 


Per cent with! 


fusion 


or TOTAL NO. 
OVER OF CASES 


50% UNKNOWN 


| 
| 48 90 138 
| 32 0 
926 66.6 | 
0 | 0 
0 | 0 | 0 | 0 
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ly corrected, (2) the duration of the 
strabismus is 50 per cent or less, and 
(3) the vision is good in each eye. The 
poor prognosis for a functional result in 
constant squint when a vertical or a hor- 
izontal deviation remains has been am- 
plified by Fink,!> Spaeth,?9 
Costenbader and _ Bair,'® Anderson,’ 
Brown,* Cushman,'! and Dowler.'* 


However, the duration of the squint 
had no apparent influence on the per- 
centage of functional results obtained in 
the group with intermittent squint when 
the squint was fully corrected, and little 
or no effect when a residual deviation 
persisted (table X). Accordingly, it 
would seem that the percentage of func- 
tional results in intermittent squint de- 
pended almost entirely on full correc- 
tion of the deviation. This observation 
is in general agreement with other opin- 
ions regarding the prognosis for a func- 
tional cure in the surgical treatment of 
intermittent squint. 


DISCUSSION 

Because the date of onset (as given by 
the parents), the visuai acuity and the 
degree of fusion (as described by the 
patients), and the amount of squint (as 
measured by the examiner) are all sub- 
ject to human error, any conclusions 
based on this clinical study must be, at 
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best, only approximately correct. Also, 
it is obvious that the number of cases in 
some of these tables was too small to 
have statistical significance. This defi- 
ciency occurred because it was necessary 
first to eliminate the 80 patients with 
amblyopia and then to classify the re- 
maining patients as to the nature of the 
squint (constant or intermittent), the 
duration of the strabismus and_ the 
amount of residual deviation present. In 
this connection, Lyle and Foley?? and 
Douglas!’ have emphasized that statistics 
on the functional results in the treatment 
of squint are quite meaningless and ille- 
gitimate, unless the nature of the case 
and the age at onset are considered. 


Despite these shortcomings, the gen- 
eral conclusions reached on the basis of 
these data have received general con- 
firmation in the form of three excellent 
similar surveys reported in the past two 
years. Thus, in a critical analysis of 287 
patients with nonparalytic convergent 
strabismus, Lyle and Foley*’ found that 
only 11 per cent of the nonaccommoda- 
tive group developed full binocular sin- 
gle vision after operation, and that the 
prognosis for a functional result in con- 
stant squint was always poor when the 
age at onset was early and the duration 
of the squint was long, even though ex- 
tensive orthoptic treatment was given 
and the deviation fully, or almost fully, 


TABLE X 


Errect OF DURATION OF THE SQUINT AND OF A Deviation 


DURATION OF THE SQUINT 


TOTAL NO, 
OVER OF CASES 


50% UNKNOWN 


Number without a residual squint 


Number with 3° fusion 


Per cent with 3° fusion 
Number with a residual squint 


Number with 3° fusion 


Per cent with 3° fusion 
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corrected. They added that early opera- 
tion to correct congenital squint should 
produce better functional results than 
those reported, but they supplied no data 
to substantiate this theory. Nordlow? re- 
ported 70 patients with permanent con- 
vergent squint, of which 59.4 per cent 
developed stereopsis after one, two or 
three operations, when the age at onset 
was between 6 months and 7 years and 
the duration of the squint varied from 
six months to five and a half years. He 
stressed the importance of early opera- 
tion in achieving a functional result in 
constant convergent squint beginning at 
6 months of age or later. Cooper’* re- 
ported 27.1 per cent functional cures in 
382 patients with nonaccommodative 
concomitant esotropia and in 71.2 per 
cent of 101 patients with concomitant 
exotropia following surgical operation, 
with and without the aid of orthoptic 
exercises. He stated that the percentage 
of functional results was greater when 
the vision was good in each eye, when 
the squint began after 18 months of age, 
and when it was corrected early in the 
life of the chiid. His criterion for a func- 
tional result did not include tests for 
stereosce vision because some of his 
patients were too young for such tests. 


A valid comparison of the functional 
results obtained by these authors and 
those achieved in this survey cannot be 
made from the data available, chiefly be- 
cause the criteria for a functional result 
were not uniform. Despite these differ- 
ences, however, all four surveys showed 
conclusively that the age at onset, the 
duration of the squint, the visual acuity 
and the nature of the deviation (constant 
or intermittent) all played a significant 
role in determining the percentage of 
functional results accomplished by sur- 
gical operation to correct strabismus. 


CONCLUSIONS 


1. The prognosis for a functional result 
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in constant strabismus was always 

poor under the following circum- 

stances: 

a. The corrected vision in one eye 
was 20/50 or worse and that in 
the other eye was 20/20 or better. 

b. The strabismus began at birth. 

c. The duration of the 
was very long. 


strabismus 


d. A residual esotropia or exotropia 
of over 10 prism diopters or a 
residual hypertropia of over 2 
prism diopters existed in the pri- 
mary position. 


2. The prognosis for a functional re- 
sult in constant strabismus was good 
only under these circumstances: 

a. The vision in the amblyopic eye 

was 20/40 or better when the vi- 

sion in the fixing eye was 20/20. 

b. The strabismus began after birth. 

duration of the strabismus 
was short. 

d. The horizontal deviation was cor- 
rected to 10 prism diopters or less 
and the vertical to 2 prism diopters 
or less in the primary position. 


3. The prognosis for a functional result 
in intermittent strabismus was al- 
ways favorable when the vision was 
good in each eye, even though stra- 
bismus had existed for a long time. 
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DISCUSSION 


Frank D. Costenpaper, M.D., Washing- 
ton, D. C.: I would like to commend Dr. 
Berke on the excellence of his paper and es- 
pecially to thank him for the unusual priv- 
ilege of receiving his paper many weeks ago. 
This has given me the opportunity to critic- 
ally compare his and my experiences. 


I have reviewed several hundred unselected 
cases, but unfortunately have obtained only 
114 roughly comparable to those cited by the 
author. The qualifications have been that all 
patients must have a _ postoperative final 
alignment of within 10 prism diopters of 
straight, and that adequate tests for binocular 
vision should have been done subsequently. 
While the arrow test for gross stereopsis and 
the Keystone DB for refined graded stereop- 
sis were used on only a limited number of 
patients, the Wirt fly test and the Wirt grad- 
ed stereopsis test were used on most of them, 
and the Worth four dot test on all. 


I am in full agreement that the presence of 
stereopsis would seem to be the major quality 
in evaluating the attainment of a perfect re- 
sult in surgical procedures to correct squint. 
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However, while perfection is the ultimate goal 
in any endeavor, I cannot agree that lesser 
degrees of success are not worth while if per- 
fection cannot be attained, as is implied 
though not so stated by Dr. Berke. Thus, 
while stereopsis, as demonstrated by the 
stereoscope or polaroid devices, gives evidence 
of a high degree of success and stability re- 
sulting from surgical procedures to correct 
squint, binocular single vision as demonstrated 
by the Worth four dot test, or a tendency to 
restore alignment after removing cover is evi- 
dence of a significant though lesser degree of 
stability. I thoroughly agree that the pres- 
ence or absence of stereopsis on the major 
amblyoscope does not give evidence of its ex- 
istence in daily life and should not infer a 
cure. However, the presence of fusion with 
stereopsis as demonstrated on the major am- 
blyoscope is of prognostic significance, and 
gives hope of a cure if accurate alignment 
can be attained. 


Of 530 unselected private patients with 
strabismus who were operated upon and had 
sufficient postoperative findings to justify 
analysis, 114 (22 per cent) had straight eyes 
and a visual acuity of 20/40 or better. These 
patients are considered in further discussion. 


1 would agree that amblyopia of significant 
degree is a bar to the ultimate attainment of 
fusion with stereopsis, but | cannot accept 
visual acuity of 20/50 or poorer as being an 
absolute barrier. We have, in our series, one 
patient who has a 20/50 visual acuity, one 
with 20/60, and one with 20/70, all of whom 
have a high degree of stereopsis, and two pa- 
tients whose visual acuity is 20/70 and who 
obtain gross stereopsis. | have not used these 
cases in our further considerations. 


Dr. Berke has recognized the fact that his- 
tory of onset of strabismus cannot always be 
obtained with accuracy. With this fact I 
would agree, and add emphasis, since it has 
an important bearing on the duration of squint 
(DOS), which has been suggested as a fac- 
tor in the cure of strabismus. It is common 
knowledge that infant eves are frequently un- 
stable the first three or four months of life, 
that infant features often give an appearance 
of strabismus which subsequently cannot be 
confirmed by cover test, and that parents are 
notoriously imaccurate observers. 


In an effort to determine the significance of 
the age at onset, the entire series of 530 pa- 
tients were studied. Of these, 330 had a con- 
stant heterotropia which had been apparent 
since birth, while 200 patients had an inter- 
mittent or constant heterotropia which be- 


came evident at some time after birth. 
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Of the 330 patients with constant hetero- 
tropia, only 32 (10 per cent) had a final de- 
viation of 10 prism diopters or less, and good 
vision in each eye. Of these, one had 85 per 
cent stereopsis, two had 30 per cent stereopsis, 
and seven had stereopsis of less than 30 per 
cent. In addition, 11 patients had Worth four 
dot fusion but no stereopsis, and an additional 
15 patients maintained straight eyes but no 
fusion on any of the clinical testing methods 
used. These facts would suggest two things. 
First, there are patients with constant strabis- 
mus from birth who do have stereopsis, though 
the number is small. I have the impression 
that very early operation (during the first 6 to 
12 months of life) and good alignment do re- 
sult in functional cure at times. Second, some 
patients exhibited no stereopsis but did main- 
tain continuous good alignment. Thus, tests 
other than those for stereopsis have some sig- 
nificance. 


When the 200 patients in whom squint 
definitely developed some time after birth are 
considered, it becomes very evident that the 
prognosis for cure is considerably better than 
in the congenital group. Eighty (40 per cent) 
patients had straight eyes and good vision. 
Of the patients who developed strabismus dur- 
ing the first year of life, 55 per cent had 
good stereopsis and 91 per cent had some de- 
gree of stereopsis. When considering those 
patients who developed strabismus after the 
hrst year of life, I found that 61 per cent 
had good stereopsis and 94 per cent had some 
stereopsis. It should be recognized that this 
rather high percentage of patients with 
stereopsis is probably due to the fact that 
many of them had intermittent deviations. 


Evidently, while the presence of strabismus 
at birth does not preclude binocular single 
vision, even with stereopsis, the percentage 
of such cures increases abruptly when onset 
is some time after birth. We might speculate 
that both the early opportunity for binocular 
single vision and a fair to good fusion po- 
tential are factors im the later redevelopment 
of fusion when strabismus is corrected. 


I will fully agree with the author that the 
duration of squint is a most significant factor 
in the cure of strabismus, and that the per- 
centage method is a more valid method of 
calculation than that of the unit of time. As 
already pointed out, we have obtained some 
functional cures among people with congenital 
esotropia, so that even though the DOS is 
100 per cent, the prognosis is not hopeless, 
though by no means favorable. 


When estimated in terms of duration of 
squint by the percentage method, my findings 
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are similar to Dr. Berke’s. Of those patients 
with squint (intermittent and constant) which 
had existed for 25 per cent of the life span 
but were corrected by operation, almost all 
had some degree of stereopsis. Of those pa- 
tients with squint existing more than 25 per 
cent but less than 50 per cent of the life span, 
50 per cent had stereopsis. However, at vari- 
ance with Berke’s findings was the fact that 
50 per cent of those cases of squint existing 
from 50 per cent to 75 per cent of the life 
span also attained stereopsis. Again, in accord 
with the author, of those whose deviation had 
existed for 75 per cent of the life span, or 
more, few had stereopsis. Thus, we can con- 
firm the author’s general conclusions but 
feel that no valid distinction can be made in 
the prognosis of those whose strabismus has 
existed from 25 per cent to 75 per cent of the 
patient's life. 


I am in full agreement with the statement 
that the prognosis for functional cure in in- 
termittent strabismus is much better than that 
in constant strabismus, regardless of the du- 
ration. An analysis of our series shows that 
a high percentage of patients with intermit- 
tent exotropia, and a somewhat smaller per- 
centage of patients with accommodative eso- 
tropia, demonstrate good fusion with stereop- 
sis, as compared with a much smaller percent- 
age of patients with acquired constant stra- 
bismus, and an even smaller percentage of pa- 
tients with congenital constant strabismus. 
The opportunity for fusion is a prime factor 
in its maintenance. It is this premise (the 
most constant opportunity for fusion) which 
has led us to urge bifocals and, more recently, 
miotics in the maintenance and treatment of 
accommodative esotropia. 


Two of Dr. Berke’s qualifications seem 
open to question or clarification. He states that 
all cases in which the patient needed a second 
operation were considered failures. It would 
appear that he is being unduly harsh on him- 
self, since many patients in our series ob- 
tained a functional cure after a second oper- 
ation, and a few after a third or fourth. 
Critical analysis after whichever operation 
gives a good result seems entirely justified. 


The other matter of some concern to one 
interested in orthoptics is the content of two 
statements. I quote: “Factors of little or 
equivocal importance were . . . the number of 
orthoptic exercises given. .”’ and “Active 
orthoptic treatment was rarely given for am- 
blyopia or suppression.” I must point out that 
if one is interested in obtaining fusion with 
stereopsis, nothing could be more important 
than the overcoming of suppression. While 
statistical evidence is not easily gathered, it 
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is my considered opinion that intelligent or- 
thoptics will greatly aid in overcoming sup- 
pression. And such orthoptics must not be 
measured in terms of the number of treat- 
ments, or the number of instruments used, 
but rather in terms of creating an awareness 
of two visions, i.e., diplopia. 


Summary 


1. I would agree with the author on the fol- 
lowing points : 


a. Onset of strabismus at birth offers a 
poor prognosis for functional cure. 


b. Significant amblyopia precludes cure. 


The presence of a vertical deviation 
makes cure additionally difficult. 


The prognosis for an intermittent de- 
viation is much better than that for a 
constant one. 


A residual constant deviation precludes 
functional cure. 


I disagree with the following points: 


a. No congenital strabismus can obtain a 
functional cure. 


b. Visual acuity of less than 20/40 ab- 
solutely precludes cure. 
Orthoptics is of no value in obtaining 
a functional cure. 


I would offer the qualifyine thought that 
while cure with stereopsis is the ultimate 
goal, straight eyes with lesser degrees of 
binocular single vision are highly desirable. 


Dr. Berke: I would like to thank Dr. Cos- 
tenbader for taking the trouble to analyze 
such a large number of patients and for dis- 
cussing this paper. | am happy to note that he 
agrees that the visual acuity, the age at onset, 
the duration of the squint, and the amount of 
residual deviation are all important factors in 
determining the percentage of functional re- 
sults in surgical procedures to correct squint. 
It is particularly significant that we both ar- 
rived at essentially the same conclusions in 
view of the fact that he used a different test 
for stereopsis and analyzed his cases in a 
slightly different way. Also, he did not divide 
the constant from the intermittent cases 1n all 
of his groups nor were his cases all consecu- 
tive. Thus it is obvious that two observers 
working toward the same end can achieve 
very much the same conclusions by slightly 
different methods. 


However, Dr. Costenbader disagrees with 
three or four of the minor points I made in 
the paper. For example, he found that 3 per 
cent of his 330 patients with constant squint 
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dating from birth (a truly remarkable num- 
ber) developed stereopsis, while I found that 
none of my cases did so. I believe this small 
difference has little or no significance, because 
these figures are based on the observations of 
the parents. What is important is the obser- 
vation that any patient with constant squint 
dating from birth always has a poor prognosis 
for a functional result. 


In his wide experience Dr. Costenbader has 
found only 5 patients who developed stereop- 
sis with 20/50 or 20/70 vision, while | found 
that none of my 80 patients did so. Here 
again I feel that this observation is not par- 
ticularly significant when we realize that his 
tests for were slightly different 
from mine and that the visual acuity as re- 
ported in children is not always 100 per cent 
accurate. The important observation is that 
amblyopia plays an important role in prevent- 
ing postoperative stereopsis. 


Ssterec ypPSis 


Dr. Costenbader thinks that I have not 
given orthoptic exercises the credit they real- 
ly deserve. In the paper I say that such ex- 
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ercises played a minor role in determining 
the percentage of functional results. And so 
they did, when compared to such important 
factors as the visual acuity, the age at onset, 
the duration of the squint, and the amount of 
residual deviation present. 


Dr. Costenbader believes that we should al- 
ways strive for a functional result and, if we 
cannot get a perfect result, we should be sat- 
ished with something less than perfection. I 
think that we all agree with him there, but 
I see no purpose in grouping these two types 
together or in downgrading the standard for 
a functional result. If we must have a first 
grade and a second grade and a third grade 
functional result, let us set up a standard for 
these three functional results; then when we 
report our results let us specify what type of 
a functional result we are talking about. 


I have enjoyed Dr. Costenbader’s discussion 
very much, and | would like to thank him 
again for bringing to us his rich experience 
in this fascinating and sometimes frustrating 
branch of ophthalmology 
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INCIDENCE AND DETECTION OF GLAUCOMA 
BY ROUTINE TONOMETRY 


G. LeRoy Porter, M.D. 
URBANA, ILLINOIS 


Detection of glaucoma at the ear- 
liest moment possible in its development 
should be the diagnostic objective in 
order to afford the greatest opportunity 
for successful treatment. Attainment of 
this objective requires inclusion in the 
ophthalmologist’s diagnostic routine of 
investigations which will disclose a high 
percentage of glaucoma cases and still 
be practical for clinical use. The word 
“glaucoma” as used in this paper refers 
to the chronic simple (open angie) type. 
Secondary, absolute, and congenital 
glaucoma do not present as significant a 
problem in detection because their symp- 
toms are usually more obvious. Detection 
of angle closure glaucoma is also de- 
pendent chiefly on methods other than 
tonometry. 


The steps recommended by Kronfeld® 
for the diagnosis of early, wide angle 
glaucoma are, briefly, (1) _ history, 
(2) ophthalmoscopic study, (3) digital 
tonometry followed by instrumental 
tonometry unless tactile tension is defi- 
nitely “soft,” (4) field study, and 
(5) provocative tests. The minimum re- 
quirements for the early detection of 
glaucoma recommended by the Commit- 
tee on Glaucoma!'! of the National So- 
ciety for the Prevention of Blindness 
include slit lamp microscopy, gonioscopy 
and tonography in addition to the pro- 
cedures mentioned above. 


We propose that these recommended 
studies be divided into two groups, pri- 


From the Department of Ophthalmology, Carle Hospi- 
tal Clinic, Urbana, Illinois. 


Presented at the Sixty-Second Annual Session of the 


American Academy of Ophthalmology and Otolaryn- 
gology, Oct. 13-18, 1957, Chicago. 


mary and secondary. Those in the pri- 
mary group should be carried out on all 
patients over the age of 40. This group 
would include (1) history, (2) ophthal- 
moscopy, (3) instrumental tonometry 
(digital tonometry is not sufficiently re- 
lable), and (4) slit lamp microscopy. 
The secondary group would consist of 
(1) visual field studies, (2) provocative 
tests, (3) gonioscopy, and (4) tonog- 
raphy. These tests would be utilized 
whenever the presence of an abnormality 
has been indicated by a test in the pri- 
mary group. 


The mechanistic theory of chronic 
simple glaucoma proposes that the initial 
alteration in ocular physiology is a de- 
crease in the facility of aqueous outflow 


from the anterior chamber, resulting in 
increased intraocular pressure. During 
the early stages this increased pressure 
is seldom sufficient to produce corneal 
edema or glaucomatous pulsation of the 
retinal arterioles. Permanent character- 
istic visual field changes and cupping of 
the optic nerve develop gradually dur- 
ing the course of persistently increased 
intraocular pressure. The logical con- 
clusion, therefore, is that measurement 
of the intraocular pressure (or the fa- 
cility of aqueous outflow) must be per- 
formed routinely if glaucoma is to be 
detected prior to the development of 
optic nerve and visual field changes. 
Tonometry, being a relatively simple 
and rapid procedure, is the test of choice 
for this purpose rather than the more 
complicated and time consuming per- 
formance of tonography. 


Accepting the validity of the fore- 
going , statements, one would assume 
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tonometry to be a routine part of every 
ocular examination of patients in an age 
group where glaucoma is most prevalent. 
A sampling of board certified ophthal- 
mologists — to be presented later — re- 
vealed that one third did not perform 
this test routinely. Physicians less famil- 
iar with the glaucoma problem undoubt- 
edly utilize tonometry much less fre- 
quently. 


Establishment of the practice of rou- 
tine tonometry by every ophthalmologist 
is, however, only the initial step in the 
program of glaucoma detection. Kur- 
lander? has pointed out that there are 59 
million Americans over 40 years of age. 
If every member of this group were to 
undergo tonometry by an ophthalmolo- 
gist, each ophthalmologist would have to 
test about 8,000 individuals, obviously 
an impossible assignment. Several solu- 
tions to this problem have been suggest- 
ed. One is mass screening, such as has 
been carried out in Philadelphia? and 
Cleveland.'* Others*>-?!5 have suggest- 
ed that tonometry be performed by gen- 
eral practitioners and internists routinely 
as a part of every general physical exam- 
ination. Adoption of either or both of 
these methods of glaucoma detection 
would require the wholehearted assist- 
ance and cooperation of the entire oph- 
thalmologic profession. 


The present study reports the find- 
ings of routine tonometry in 2,000 pa- 
tients over 40 years of age in an average 
ophthalmologic practice and the results 
of more detailed study of those having 
a tension of 25 mm. Hg or more 
(Schi¢tz ). Practically all tests were con- 
ducted with an electronic tonometer, 
using the 1954 conversion table of Fried- 
enwald. Excluded from the study were 
all patients with previously diagnosed 
glaucoma, any ocular inflammatory con- 
dition, or ocular disease of any type 
which might be expected to alter intra- 
ocular pressure. These exclusions auto- 
matically eliminated patients with abso- 
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lute, secondary, congenital, or acute 
angle closure glaucoma. All patients in- 
vestigated were found to have open 
angles as far as could be determined by 
slit lamp and gonioscopic examination. 
One might suspect that an occasional 
patient in the chronic phase of angle 
closure glaucoma would be found in such 
a survey, but none was observed. Fifty- 
two individuals (2.6 per cent) were 
found to have intraocular pressure of 
25 mm. Hg or more in at least one eye. 
These patients were divided into two 
groups on the basis of ophthalmoscopic 
and visual field studies. Designated as 
group A were those having glaucomatous 
field changes and/or cupping of the op- 
tic disc. The findings in this group were 
considered adequate to make a diagno- 
sis of chronic simple glaucoma without 
further study. Group B included the re- 
mainder, i.e., those without either oph- 
thalmoscopic or visual field abnormalli- 
ties characteristic of glaucoma. Addi- 
tional investigation of the patients in 
group B was carried out in an effort to 
establish the presence or absence of 
chronic simple glaucoma. Selection of 
the procedures used warrants a brief 
discussion. 


Tonography and/or provocative tests 
are most commonly employed for this 
purpose, and their merits have been in- 
vestigated extensively. Tonography has 
not, as yet, become a procedure suitable 
for use by the average ophthalmologist. 
Kronfeld® stated that tonography “was 
not an easy procedure and had many 
potential sources of error,” and _ that 
“the procedure should be reserved for 
clinics where details of the technique 
were fully mastered.’’ Spencer, Helmick 
and Scheie!’ enumerated the possible 
sources of error in technique and re- 
ported several difficulties encountered 
with equipment. Correction of these 
difficulties required assistance not avail- 
able to most ophthalmologists. Further- 
more, in the establishment of their 
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tonographic laboratory, these authors 
had the benefit of a visit to the laboratory 
of Dr. M. W. Grant and of his personal 
advice. For these reasons provocative 
tests were considered more satisfactory 
for use by the average ophthalmologist 
and were selected for our investigation. 


Leydhecker'? recommended the water 
drinking test of Schmidt as the first to 
be employed in the investigation for 
chronic simple glaucoma. This test has 
the advantages of simplicity and a high 
index of reliability. A rise in intraocular 
pressure of 6 mm. Hg or more, as sug- 
gested by Kronfeld,’ was chosen as the 
criterion for indicating the presence of 
glaucoma. Becker and Christensen! 
found that on this basis 42 per cent of a 
group of known glaucomatous eyes gave 
a positive response. Scheie, Spencer and 
Helmick,!? however, found the test 96 
per cent accurate under similar circum- 
stances. They also expressed the opinion 
that “tonography does not seem to be as 
reliable a diagnostic test in chronic sim- 
ple glaucoma as the water provocative 
test.”” Nineteen patients (.95 per cent) 
with either a positive result on the water 
provocative test or an intraocular pres- 
sure of 32 mm. Hg or more on two oc- 
casions were considered to have glau- 
coma and were classified in group B-1. 
This resulted in a diagnosis of glaucoma 
in 35 (67.4 per cent) of the 52 patients 
with an initial pressure above 24 mm. 
Hg. Seventeen patients (.85 per cent) 
not meeting either of these standards 
were regarded as nonglaucomatous and 
were classified as group B-2. Included 
in this group were a few patients in 
whom the follow-up study was incom- 
plete. Although group B-2 has been des- 
ignated as “nonglaucomatous,” we rec- 
ommended that the patients in this group 
return at intervals of three to six months 
for further tonometry and other studies 
as would appear indicated. (During the 
ensuing year, two of the 17 patients in 
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this group were found to have sufficient 
evidence for a definite diagnosis of glau- 
coma. ) 


Consideration of the usefulness of 
routine tonometry as a diagnostic pro- 
cedure would not be complete without 
recognition of the source of possible er- 
ror. The well known phase variations of 
pressure, and the not infrequent remis- 
sion of pressure, in chronic simple glau- 


coma suggest at once that a certain num- 


ber of patients with glaucoma would 
pass through a routine test at a time 
when their pressure was below 25 mm. 
Hg. This group might be regarded as 
having a “false negative’? response to 
tonometry. The frequency of this oc- 
currence is difficult to determine. Becker 
and Christensen,' reporting on a group 
of 188 eyes with known glaucoma se- 
lected for tonographic study, found only 
39 per cent with intraocular pressure of 
24 mm. Hg or above after three days 
without treatment. Scheie, Spencer, and 
Helmick’- in selecting a similar group of 
162 eyes for study found the intraocular 
pressure of all to be 30 mm. Hg or high- 
er. In our survey, 6 patients (.3 per 
cent) with tension below 25 mm. Hg 
were suspected of having glaucoma be- 
cause of the appearance of the optic 
discs. The diagnosis in these cases was 
confirmed by field studies and/or pro- 
vocative tests and tension studies. Even 
more difficult to detect were patients in 
the ‘‘preglaucoma”’ state, i.e., patients in 
whom fundus and field changes had not 
yet developed and who were examined 
during a phase variation resulting in an 
intraocular pressure below 25 mm. Hg. 
In our study, 3 patients (.15 per cent) 
of this type were brought to our atten- 
tion subsequently, having had a normal 
tension initially. One may only speculate 
as to how many others there may have 
been. Therefore, a total of 9 patients 
(.45 per cent) with glaucoma had, at 
the time of original tonometry, intra- 
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TABLE I 


GLAUCOMA 


RESULTS OF A SuRVEY OF 2,000 Parrents Over Forry YEARS OF AGE IN AN 
AVERAGE OPHTHALMIC PRActicE Usinc ToNOMETRY ROUTINELY 


PERCENTAGE 


OF 


PERCENTAGE OF 
PATIENTS WITH 


NUMBER OF TOTAL PATIENTS PRESSURE ABOVE 
PATIENTS EXAMINED 24 MM. HG 
Intraocular pressure above 24 mm. > 2 
; 52 2.60 100 
Hg in one or both eves 
Group A: Intraocular pressure above 
24 mm. Hg plus field and/or fundus 16 0.80 | 30.8 
changes | | 
Group B-1: Intraocular pressure | | 
above 24 mm. He and positive water} | | 
test or repeated pressure of 32 mm.| 19 0.95 ' 36.6 
Hg or higher, but no field or fundus | 
changes | 
Total gl ses with initial | 
otal giaucoma casts with initia 35 1.75 | 67.4 
pressure above 24 mm. Hg | 
Group B-2: Intraocular pressure} | 
above 24 mm. Hg but water pressure’ 17 | 0.85 | 3? 6 
negative, intraocular pressure below} | 
32 mm. Hg and no field changes 
Cases with other evidence of glau-| | 
coma but initial pressure belov’ 25) 6 0.30 
mm. He 
Cases subsequently diagnosed as glau-| 
coma, with initial pressure below 25) 2 0.15 
mm. He and no fundus or field . we 
changes 
All glaucomas 44 2.20 
Il 
ANALYSIS OF 44 CASEs oF GLAUCOMA 
NUMBER | 
Initial pressure above 24 mm. Hg 35 80 
Initial pressure below 25 mm. Hg 9 20 
Optic nerve and/or glaucomatous field changes present 22 50 
Optic nerve and/or glaucomatous field changes not present 22 50 
ate (Tension above 24 mm. Hg) 16 73 
22 cases with d or disc changes : vd 
22 cases with field ae (Tension below 25 mm. Hg) 6 27 
22 cases without field or disc changes (Tension above 24 mm. Hg) 19 86 
as©? «< y ° 
= 5“ (Tension below 25 mm. Hg) 3 14 
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ocular pressure below 25 mm. Hg. Re- 
sults of the survey classified on the above 
basis are found in table I. 


It will be observed that by various 
means a diagnosis of glaucoma was 
made in 44 (2.2 per cent) of the pa- 
tients tested. Analysis of these 44 cases 
reveals that a total of 35 (80 per cent) 
had an initial intraocular pressure of 25 
mm. Hg or higher, while 9 (20 per cent) 
had an intraocular pressure of less than 
25 mm. Hg (table II). This would 
suggest that the accuracy of mass screen- 
ing surveys utilizing tonometry would 
not exceed 80 per cent. Of further in- 
terest from a statistical point of view is 
that of the 44 cases of glaucoma exactly 
50 per cent had optic nerve and/or glau- 
comatous field changes and 50 per cent 
did not. Of the 22 cases with optic nerve 
and field changes, 16 (73 per cent) had 
an initial pressure of 25 mm. Hg or 
higher, while 6 (27 per cent) had an 
initial pressure below 25 mm. Hg. By 
comparison, in the 22 cases without optic 
nerve or field changes, 19 (86 per cent) 
had an initial pressure of 25 mm. Hg or 
higher, and 3 (14 per cent) had an initial 
pressure of less than 25 mm. Hg. The 
percentages in this latter group are ob- 
viously misleading because of the diff- 
culty in arriving at a diagnosis of glau- 
coma in a patient with so-called normal 
intraocular pressure and no fundus or 


field changes. 


A survey of 2,000 patients somewhat 
similar to this, conducted by Hildreth 
and Becker,’ revealed 49 (2.45 per cent) 
with findings similar to those in our 
group B (36, or 1.8 per cent). Tonog- 
raphy with water drinking resulted in a 
diagnosis of glaucoma in 72 per cent of 
their series, while the water drinking 
provocative test alone resulted in a di- 
agnosis of glaucoma in 53 per cent of 
ours. Whether this difference indicates 
a greater sensitivity of their diagnostic 
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technique is not clear, since comparative 


data within each survey are not avail- 
able. 


To evaluate the prevalence of the use 
of routine tonometry by ophthalmolo- 
gists certified by the American Board of 
Ophthalmology, questionnaires were 
sent to 200 members. One hundred sev- 
enty-five of these were returned. The re- 
plies have been classified, inserted, and 
underlined (table III). The results of 
our survey, when applicable, have been 
included for comparison. Approximately 
two thirds of those replying indicated 
that they use tonometry routinely, and 
65 per cent had been doing so for more 
than seven years. Among those who did 
not utilize tonometry routinely, the re- 
plies regarding the methods used for 
glaucoma detection were so varied that 
a statistical summary was impossible. 
The majority, however, relied on oph- 
thalmoscopic examination and _ tactile 
evaluation of tension. Several of these 
commented that although the accuracy 
of tactile evaluation of tension would be 
variable, each ophthalmologist would 
have to determine the reliability of his 
own judgment by comparison with in- 
strumented tonometry. We would sug- 
gest that each one who places reliance 
on this method has the obligation of 
proving to himself his own accuracy. To 
those who rely chiefly on the ophthalmo- 
scope, we would point out that 50 per 
cent of the glaucoma patients in our se- 
ries did not have visible glaucomatous 
changes in the optic nerve. Furthermore, 
our diagnostic objective is to detect glau- 
coma prior to the development of such 
changes, if possible. On the other hand, 
ophthalmoscopic examination should not 
be neglected, since 27 per cent of the 
cases with glaucomatous cupping of the 
optic discs had intraocular pressure of 
less than 25 mm. Hg on the initial test. 
Visual field studies are of the utmost im- 
portance in the diagnosis and manage- 
ment of glaucoma and should be per- 
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Taste Ill 
YES 
Do You Utimize Routine ToNnoMetry : 68% 32% 
If answer to the above is YES please answer the following questions: 
1. How long have you done so? __1-3 years 4-6 years 7+ years 
11% 24% 65% 


2. What age or other limitations do you place on the procedure? 
Age 20 and above Age 30 and above Age 40 and above 


13% | 23% 64% 


3. What per cent of the patients tested are found to have above normal intraocular 
pressure? (Estimate) 
Less than 2% 2% -4% 5%-7% 


2.6% 


Our survey 


8% and up 
36% 9% 7% 


48% 


4. Approximately what per cent of those with increased pressure have no other apparent 
evidence of glaucoma? 


25% 50% 75% 100% 33% 
45% 31% 22% 2% Our survey 


(Figures underlined are percentage of replies corresponding to adjacent figure.) 


5. Approximate number of years in practice of ophthalmology 


11-20 
41% 


Less than 10 
33% 


21-30 


23% 


30 plus 


If answer to the above is NO please answer the following questions: 


1. Do you believe that routine tonometry would disclose a significant number of patients 
with increased intraocular pressure which would not be detected by other methods of 


examinations ° 


YES 
43% 


NO 
57% 


2. On what diagnostic procedure do you rely most frequently to detect chronic simple 


(open angle) glaucoma? 


Ophthalmoscope 
History 


Visual fields 
Other (specify) 


Tactile tension 


3. Approximate number of years in practice of ophthalmology 


Less than 10 11-20 
290% 45% 


formed when any suspicion of glaucoma 
exists, but they are not suitable for rou- 
tine use in the detection of glaucoma. A 
primary objection to their use is the time 
‘factor: furthermore, it is doubtful 
whether many patients with glaucoma- 
tous field defects have both normal oph- 
thalmoscopic findings and normal intra- 


?1 -30 30 plus 
21% 5% 


ocular pressure. For these reasons this 
test (visual field study) has been as- 
signed to the secondary group. It would 
also appear that provocative tests, gon- 
ioscopy, and tonography are not prac- 
tical for routine use but should be util- 
ized when indicated by findings from the 
primary test group. 
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The use of routine tonometry pre- 
sents certain problems which should not 
be overlooked. Chief among these 1s the 
anxiety engendered by the use of an un- 
familiar procedure and, more particular- 
ly, by the finding of a borderline ten- 
sion. In such cases the physician may be 
unable to assure the patient that he does 
not have glaucoma. In spite of the most 
careful management of this problem, a 
certain amount of iatrogenic anxiety 
seems unavoidable. It is equally impor- 
tant that care be exercised not to in- 
form the patient that he has glaucoma 
until the diagnosis is firmly established. 
This caution may unavoidably necessi- 
tate a considerable period of observa- 
tion, testing, and anxiety for the pa- 
tient, but this is preferable to making a 
diagnosis of glaucoma when it does not 
exist. In our experience it is virtually 
impossible to convince a patient who has 
received an erroneous diagnosis of glau- 
coma (usually hastily made) that he 
does not have the disease. 


A second problem of some magnitude 
is the reassurance which some people 
mistakenly derive, despite explanation, 
from a single normal tonometric read- 
ing. Just as one elevated intraocular 
pressure reading does not mean glau- 
coma, it must also be recognized that one 
normal reading does not exclude glau- 
coma. In practice, these problems, rather 
than the actual tension taking, exercise 
the greatest demand on the physician’s 
time. Should mass screening for glau- 
coma and routine tonometry by non- 
ophthalmologists become widespread 
practices, these problems will undoubted- 
ly be considerably more frequent. 


The possibility of transmitting ocular 
infection or causing significant corneal 
damage by tonometry has been suggest- 
ed. To our knowledge neither of these 
complications occurred in this study. 
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SUMMARY 


1. Routine tonometry, with addition- 
al diagnostic studies when indicated, dis- 
closed 35 (1.75 per cent) cases of pre- 
viously undiagnosed chronic simple 
glaucoma in 2,000 patients with other- 
wise normal eyes. Glaucoma was dis- 
covered in an additional 9 patients (.45 
per cent) by methods other than tonom- 
etry. The total incidence of glaucoma 
was 2.2 per cent. In 19 (43 per cent) of 
these 44 cases of glaucoma the diagnosis 
was made on the basis of intraocular 
pressure of 32 mm. Hg or higher and/or 
a positive response to the water drinking 
test in the absence of demonstrable vis- 
ual field defects. 


2. Diagnostic studies recommended 
for glaucoma detection have been divided 
into primary and secondary groups. The 
primary group is recommended for rou- 
tine use in patients over the age of 40, 
and the secondary group for use when 
indicated by the findings from the pri- 
mary group. 

3. A survey relative to the use of 
routine tonometry by ophthalmologists 
was made and the results reported. 
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DISCUSSION 
Bruce L. Kantar, M.D., Minneapolis: | 


want to congratulate Dr. Porter on his efforts 
to add to our knowledge by his survey and 
report. In the literature from 1951 on, there 
are surveys from Philadelphia, Cleveland, 
California, Oregon, and Finland, among oth- 
ers. These are published variously in the 
Journal of the American Medical Association, 
ophthalmology journals, Sight-Saving Review, 
Public Health Reports, and other journals. 
Each survey on this general subject makes 
its own interesting points, but two things are 
apparent from all these surveys: 


1. Simple glaucoma is a real public health 
problem and will become increasingly so as 
our population continues to live longer. 

2. Routine and repeated tonometry is the best 
diagnostic tool for early detection of simple 
glaucoma. 
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As you might have suspected by now, | 
have a survey to report also. Our survey was 
done in the first six months of 1955 at the 
University of Minnesota Medical School when 
one senior medical student in a_ clerkship 
group said he doubted the reported 2 per cent 
incidence of undiagnosed simple glaucoma in 
people over 40 years of age in the United 
States. This student and five others decided 
to learn tonometry and check the incidence in 
their patients. Although in their extra time 
they did tonometric tests on 684 patients, fol- 
low-up studies and complete data were avail- 
able on only 453 outpatients at University 
Hospitals. We shall limit the report to them. 
We used a screening level of 30 mm. Hg 
(Schigtz) or more, and also asked the sen- 
iors to report any patient with a difference 
of 10 mm. He or greater between the two 
eyes. Twenty patients were singled out, and 
further investigations were carried out at 
University of Minnesota Hospitals Eye Clin- 
ic. The results on the investigation of 8 of 
these patients were definitely positive, and on 3 
they were suspected positive, for chronic sim- 
ple glaucoma. Thus, with an accuracy between 
40 and 50 per cent, our two interested senior 
medical students screened out patients with 
simple glaucoma by means of tonometry. | 
think a direct outcome of all these surveys and 
of this local effort is that the University of 
Minnesota outpatient department is now happy 
to have senior medical students include tonom- 
etry as a part of the routine physical examina- 
tion. | think this is one absolutely necessary 
step if doctors other than ophthalmologists are 
to help in glaucoma case findings. | am sure 
that you cannot get a Significant number of 
men already in general medical practice to take 
up tonometry and incorporate it into their 
examination routines. They may agree with 
what we say, but they have their own prob- 
lems to take care of 


Some of the conclusions our seniors reached 
seem interesting. 


i. They thought ophthalmologists should 
all do tonometry, too, and from what they 
could determine, this was not the case. Dr. 
Porter touched on this in discussing results 
of his questionnaire—one third of Board cer- 
tified ophthalmologists do not do it. Apparent- 
ly all too often a tonometer is used to verify 
the presence of that which is palpated instead 
of to detect what the fingers cannot feel. For 
those who agree that palpation may be inac- 
curate, except when it is their own fingers 
feeling those eyeballs, Dr. Porter’s advice 
to check yourself and your palpation against 
your own tonometer is excellent. I think that 
as medical doctors we should use all the medi- 
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cations and instruments we alone are priv- 
ileged to use in our efforts to make a diagnosis 
and help our patients. 


2. They thought tonometry was easier to do 
than ophthalmoscopy. Dr. Porter’s paper point- 
ed out that half the glaucoma patients in his 
series did not have visible glaucomatous 
changes in the optic nerves. Also, in the very 
excellent Philadelphia study, except for one 
case, no case of glaucoma was diagnosed by 
ophthalmoscopy that tonometry did not also 
pick up. Certainly as far as glaucoma is con- 
cerned, our future medical doctors should be 
given the best instruction for detection of 
this disease. 

3. One student felt that tonometry should 
be done in a routine physical examination just 
as much as, for example, a routine proc- 
toscopy, which they are all taught should be 
done. I do feel that 25 mm. Hg from all 
available data is a much better screening level 
than the 30 mm. Hg we used. 


Dr. Porter includes tonography in his sec- 
ondary group of diagnostic studies. Tonog- 
raphy is not available to me or my patients 


in Minneapolis. I have no working knowledge 


of tonography and leave a discussion of its 
merits to those who are experienced with 
it. In my diagnostic group, therefore, I 
would include what to me is the most helpful 
and valuable form of routine and repeated 
tonometry; namely, the measurement in glau- 
coma suspects and in patients with borderline 
tensions, as well as in patients under active 
miotic treatment, of the phasic variations in 
ocular tension occurring throughout the day. 
This instability of tension is an early char- 
acteristic of simple glaucoma and becomes 
more and more pronounced as the disease 
progresses. According to Duke-Elder, exag- 
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gerated diurnal variations of intraocular pres- 
sure are one of the most fundamental aspects 
of the disease. I think these studies should 
be combined with the others already listed 
by Dr. Porter. 


With widespread use of routine tonometry 
and further investigation to evolve better 
screening methods, if there are any, we will 
find more patients with glaucoma and also 
more patients with borderline tensions and 
no other findings of glaucoma after com- 
plete work-ups. Perhaps extended studies and 
observation of these borderline tension pa- 
tients that will be discovered, some of whom 
will receive treatment and some of whom 
will not be treated but only observed, may 
teach us many things about the progress of 
visual loss in glaucoma in relation to the in- 
fluence of treatment. 


F. Srertrnc Davis, M.D., Washington, 
D. C.: [This discussion is published as a 
Special Report on page 142 of this issue.] 


Dr. Porter: I wish to thank Dr. Kantar 
for his remarks, and I am happy that we 
have been able to present additional evidence 
of the diagnostic value of routine tonometry. 
I agree with his remarks about the necessity 
of the ophthalmologist bearing the responsi- 
bility for glaucoma detection. Although we 
do talk about interesting internists and gen- 
eral practitioners, | think we will still have 
to do most of the glaucoma detection for 
some time. 


I should also like to commend Dr. Davis 
for exposing what he has charitably called an 
ineffective instrument. I am sure that if this 
instrument gets into the hands of the non- 
medical eye people a great deal of harm can 
come to the detection and management of 
glaucoma. 
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INFLUENCE OF CIRCULATION ON EXTENT OF INVOLVEMENT 
AND TREATMENT IN EPITHELIOMAS OF THE 
UPPER RESPIRATORY AND DIGESTIVE TRACTS 


MAURICE LENz, M.D. 
NEW YORK, NEW YORK 


THE assumption that the growth and 
spread of epithelioma of the upper res- 
piratory and digestive tracts is influ- 
enced by circulation in the tumor bed is 
based mainly on two considerations: 
(1) the nourishment required for the 
growth of epithelioma is supplied chiefly 
through arterial capillaries in the tumor 
bed; (2) extension and metastasis of 
this cancer occur primarily via lymphatic 
capillaries, so that its spread may be in- 
fluenced by factors which determine the 
movement of lymph. Because the nour- 
ishment of epithelioma is supplied 
through the arterial capillaries in the 
tumor bed, epitheliomas arising in richly 
vascularized primary sites are likely to 
grow more aggressively than those in 
which the tumor bed is less vascularized. 
Increased vascular supply to the tissues 
requires greater drainage facilities; 
therefore, well vascularized tissues are 
usually provided with more numerous 
and larger venous and lymphatic capil- 
laries than those with sparser arterial 
vascularization. In some of the richly 
vascularized areas, movement of the con- 
tents in lymphatic capillaries is expedited 
by the contraction of muscle around 
these capillaries. This increase in facili- 
ties for lymphatic capillary drainage 
raises the likelihood of local and of re- 
gional lymph node spread of epithelioma. 


Work done at the Fondation Curie, Paris, under a 
grant from The Minna Lenz Cancer Study Fund of 
Columbia University, New York. 

Presented at the Sixty-Second Annual Session of 


the American Academy of Ophthalmology and Oto- 
laryngology, Oct. 13-18, 1957, Chicago. 
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The influence of the circulatory char- 
acteristics in the tumor bed which have 
been described in the preceding para- 
graph should be taken into account when 
attempting to form a clinical estimate of 
the extent of involvement and to plan 
the limits of the areas to be excised or 
irradiated. The possibility should be con- 
sidered of placing the normally contract- 
ing muscles surrounding lymph capil- 
laries at rest and of substituting, when 
this is practical, other ways to accom- 
plish their function. If this is to be car- 
ried out, it should be done as soon as 
feasible, before metastases have reduced 
the possible usefulness of this substitu- 
tion. 


Other factors besides circulatory 
changes in the tumor bed influence the 
growth and spread of epithelioma of the 
upper respiratory and digestive tracts. 
Some growth tendencies inherent in in- 
dividual types of epithelioma do not vary 
irrespective of circulatory changes in the 
tumor bed. The extent of involvement at 
the time the patient applies for treat- 
ment varies with such factors as the ease 
and accessibility of the cancer to clinical 
diagnosis, the cancer education of the 
patient and of the first doctor who ex- 
amines the patient, the duration of the 
neoplasm before diagnosis. Nevertheless, 
it is felt that circulation in the tumor bed 
is one of the important influences affect- 
ing this problem. Consideration of this 
factor in deciding on the area to be ex- 
cised or irradiated may improve the 
planning and, consequently, the results 
of treatment. 
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VASCULARIZATION AND GROWTH 
OF EPITHELIOMA 


The reason for assuming that the de- 
gree of vascularization of the tumor bed 
may affect the natural history of epi- 
thelioma is that energy-releasing inter- 
mediate and essential metabolites needed 
for growth are delivered to the cancer 
directly or indirectly through the arterial 
capillaries in the tumor bed. Ribbert?7 
emphasized the importance of blood sup- 
ply for the growth of epithelioma by 
pointing out that necrosis of cancer oc- 
curs where the vascularization is inade- 
quate, e.g., in the center of wide cancer 
strands, away from nourishing stroma. 
Ribbert believed that the original rich- 
ness or scarcity of the normal arterial 
capillary network in the future cancer 
site plays an important role, even if the 
observation be true that there is a local 
increase in the number of arterial capil- 
laries in response to tumor growth itself, 
as suggested by Goldmann,'! and more 
recently by Algire and Merwin.! 


Antopol, Glaubach and Graff,? work- 
ing with mammary cancer 755 in C57 
mice, noted a delay in the formation of 
new capillaries around tumor implants 
if, prior to the implantation, the micc 
received injections of cortisone. The 
tumor implants did not start to grow un- 
til the host’s capillaries grew into them, 
though they remained viable by absorb- 
ing enough nourishment from their im- 
mediate surroundings. Similarly, Mer- 
win, Algire and Kaplan?! temporarily in- 
hibited the formation of new capillaries 
around mammary tumor implants in 
mice by exposing the tumor bed prior 
to implantation to x-rays amounting to 
3000 r in a single sitting. Growth of the 
tumor implants was delayed until the 
new capillaries coming from the host 
entered the cancer, presumably bringing 
needed nourishment for growth. Ac- 
cording to Greene,'’ most tumor im- 
plants in the anterior chamber of the eye 
grow slowly for about three weeks, when 
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they assume a pinkish appearance, 1.e., 
become vascularized; after that, they 
grow much more aggressively. Lacas- 
sagne,'> working with skin tar cancer 
in mice, was able to predict the site in 
which cancer would develop by finding 
vascularized patches when he examined 
the skin under a strong light. 


Clinically, epitheliomas do not develop 
on the normally nonvascularized cornea, 
but they may start at the limbus, which 
is vascularized. According to Reese,*® 
extensions of limbal epitheliomas onto 
the cornea are preceded by vasculariza- 
tion of the portion of the cornea which 


will be invaded. 


The evidence presented above sug- 
gests that epithelioma does not grow in 
avascular tissues of the body and that 
before it will grow to a size which may 
be recognized clinically or microscopical- 
ly, there occurs increased vascularization 
of the future cancer site. 


Low oxygen content of the cell, ac- 
cording to Otto Warburg,** is one of the 
most important factors in the production 
of cancer. Graff,'* on the other hand, 
looks upon this finding as the result and 
not the cause of growth. Authors dis- 
agree as to whether epithelioma develops 
more frequently in hyperemic or ischemic 
tissues. The frequency of papillomas 
ond of epithelioma of the skin on the 
ears of tar painted mice was increased, 
according to Guldberg,'* if he first pro- 
duced a neuroparalytic hyperemia of the 
tumor site; this he did by extirpating 
the superior cervical ganglion and ad- 
jacent portion of the sympathetic nerve. 
Ritchie,?® on the contrary, found an in- 
crease in the frequency of papillomas on 
the skin of rabbits’ ears painted with 9- 
10 dimethyl 1-2 benzanthracene if, prior 
to the course of benzanthracene, these 
areas were made ischemic by partial oc- 
clusion of the carotid artery. Orr?*-*4 
also noted greater frequency of tar in- 
duced skin cancer in mice if the skin 
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Was first rendered ischemic by one of 
two methods : either by temporary inser- 
tion of linen threads under the 
which produced 


sixin, 
subcutaneous forma- 
tion of scar tissue, or by subcutaneous 
injection of vascoconstrictor drugs such 
as Adrenalin. 


lrrespective of whether cancer arises 
more frequently in a hyperemic or tsche- 
mic tumor bed, once established its fur- 
ther aggressiveness seems to be influ- 
enced by the adequacy of its blood sup- 
ply: blood supplies oxygen, glycogen for 
energy, protein for synthesis and other 
substances needed for growth. 


Some oxygen, according to Graff, is 
essential for growth of cancer ; thus, be- 
cause of deprivation of oxygen,*> necro- 
sis of cancer cells soon occurs in the cen- 
ter of a hanging drop tissue culture. 
When oxygen is completely excluded 
(and this is not easy to bring about) ,°° 
mitosis seems to stop and growth to 
cease.’ With low oxygen pressure con- 
tinued for a long period, the cells die. 
Shorter periods cause irreversible tissue 
injurv. Normal adult tissues die quickly 
under anaerobic conditions, yet they 
seem to do better under these conditions 
than cancer cells: thus, in tissue cul- 
tures, cancer cells grew only in the vicin- 
ity of the surface, accessible to oxygen, 
whereas normal cells often were able to 
grow throughout the culture medium.'- 
Bierman, Kelly and Singer’ compared 
the oxygen content of venous blood com- 
ing from cancer in twelve human pa- 
tients with that of venous blood from 
other portions of the body in the same 
patients ; the oxygen content in the veins 
coming from the cancer was higher and 
increased the nearer the cancer the sam- 
ples were taken. 


Energy for growth is_ furnished 
through the coupled processes of gly- 
colysis and respiration, the first consist- 
ing in the nonoxidative degradation of 
glucose to pyruvic acid, the second yield- 


ing the bulk of the energy by completely 
oxidizing pyruvate. Caspersson and San- 
tesson,® using ultraviolet microspectro- 
photometry to study metabolism of can- 
cer cells, concluded that in spite of the 
tremendous increase of glycolysis in this 
disease, cancer cells in the center of 
wide tumor strands, away from the 
nourishing stroma, do not experience 
satisfaction of their glucose want; they 
found that fermentation is maximal in 


cells close to the region of arterial 
branching. 
Protein synthesis is essential for 


growth of cancer, and according to Cas- 
persson and Schultz,’ a combination of 
protein and polynuclec tides is character- 
istic of all self-reproducing systems. In 
an excellent study by roentgen absorp- 
tion spectrophotometry of malignant 
transformation of squamous epithelium, 
Moberger-? concluded that “significant- 
ly increased concentrations of nucleic 
acids were found in the cytoplasms of 
infiltrating cells in rapidly growing epi- 
dermoid carcinomas as compared with 
the homologous tissue of origin.” Zamec- 
nik and his colleagues,*® on the basis of 
im vivo experiments on hepatomas in 
rats, concluded that “a small decrease in 
blood flow to a tissue might result in a 
large percentage decrease in protein syn- 
thesis."” Caspersson and Santesson di- 
vided cancer cells into two varieties: 
(1) “A” cells which are rich in nucleo- 
tides, lying mostly at the periphery of 
cancer strands near the nourishing 
stroma or forming a mantle around 
capillaries, and (2) “B” cells, poor in 
nucleotides and lying in the center of 
cancer strands and not in proximity with 
nourishing stroma or blood capillaries. 
The “A” cells are the more actively pro- 
liferating, more aggressively growing 
cells; the “B” cells are the less active 
and less aggressively growing ones. In 
this connection, Ribbert’s observation 
mentioned previously should be recalled, 
that necrosis starts mainly in the center 
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and not at the periphery of wide cancer 
strands. He relates the site of these ne- 
croses to inadequate vascularization. The 
possibility that the adequacy of vascular- 
ization may influence the growth of epi- 
thelioma in other ways, e.g., by the sup- 
ply of growth stimulating hormones, 
has not been investigated in the present 
study. 


The preceding experimental and lab- 
oratory evidence suggests that aggres- 
sively growing epitheliomas should be 
expected to occur more often in richly 
vascularized portions of the upper res- 
piratory and digestive tracts rather than 
in the more poorly vascularized portions. 


Clinically, invasive, rapidly extending, 
often undifferentiated epidermoid epi- 
theliomas tend to predominate in such 
richly vascularized mucosae as_ those 
covering the soft palate, the aryepiglottic 
fold, the pyriform sinuses, and the phar- 
ynx. Exuberant, slowly progressing, of- 
ten differentiated squamous cell epithel- 
iomas are more common in the less vas- 
cularized mucosae of the hard palate, 
the maxillary antrum, and the anterior 
two thirds of the true vocal cord. 


Inflammation tends to raise the blood 
supply of the tumor bed and is likely to 
increase the aggressiveness and exten- 
siveness of epithelioma. 


LOCAL EXTENSION AND LYMPHATIC 
METASTASIS OF EPITHELIOMA 


Epidermoid epithelioma spreads pri- 
marily within lymphatic capillaries ; evi- 
dently therefore lymphatic metastasis can 
not occur from or into tissues devoid of 
lymphatics. For instance, epithelioma in- 
vading the lymphatics of the conjunc- 
tiva does not involve the adjacent sclera, 
free from lymphatics. For the same rea- 
son, metastasis into the iris or ciliary 
body may grow next to but does not in- 
volve the crystalline lens. Other organs 
devoid of lymphatics are the epithelial 
covering of the skin and mucous mem- 
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branes, the brain, parenchyma of the 
spleen, cartilage, and the placenta.??°° 
The absence of lymphatic metastasis 
does not preclude hematogenous metas- 
tases. Metastatic lesions of epidermoid 
epitheliomas of the upper respiratory 
and digestive tracts, on the whole, 
occur more rarely than in some other 
cancers and are seen mainly in the 
less differentiated types. Many of the 
patients with these epitheliomas either 
die, before the occurrence of distant met- 
astases, from local extension of the pri- 
mary growth, e.g., to an artery, from re- 
gional lymph node involvement, or are 
cured by treatment. The spread of epi- 
thelioma along the lymphatic system may 
be influenced by the anatomy and phys- 
iology of lymphatic capillaries and of 
regional lymph nodes and deserves care- 
ful consideration. 


LYMPHATIC CAPILLARIES 


The lymphatic capillaries form a sys- 
tem of endothelial tubes of varying cal- 
iber, suspended from a framework of 
connective tissue. This framework varies 
in different portions of the upper respir- 
atory and digestive tracts depending on 
the number and caliber of the lymph 
capillaries and the direction and density 
of the meshes composing the local lym- 
phatic plexus. These structural varia- 
tions are influenced by drainage require- 
ments of the individual location and cor- 
respond to the degree of arterial capil- 
lary development. Thus, the lymphatic 
plexus is usually dense, and narrow- 
meshed with large calibered, multilay- 
ered capillaries in reg:ons which are well 
vascularized, e.g., in the mucosa sup- 
ported by the loose areolar tissue of the 
soft palate, the pharynx, the posterior 
portion of the aryepiglottic fold, and the 
pyriform sinus. The lymphatic network 
tends to be sparse and widely meshed, 
and to consist of a single layer of nar- 


row lymph capillaries in less vascular- 


ized areas where the connective tissue 


- 
Be 
: 
; 
¢ 
| 
| 
- 


jones. INFLUENCE OF CIRCULATION ON EPITHELIOMAS 67 
TABLE I 
DIAMETER OF LYMPHATIC CAPILLARIES IN MILLIMETERS 
| SUPERFICIAL DEEP SOURCE 
LOCATION (MM.) (MM.) 
Vocal cord 0.018 Teichmann 
Aryepiglottic fold, 
posterior half 0.04 0.4 Teichmann 
0.018-0.027 0.054-0.72 
Tongue (mucosa) (submucosa ) Teichmann 
Esophagus 0.02-0.07 Teichmann 
Skin 0.018-0.054 0.094-0.144 Teichmann 
Skin, scalp 0.039-0.04 0.115-0.150 | Lavrientiev 
Skin, cheek 0.02-0.06 0.06-0.08 | I gnashkin 
Skin, neck (adult) 0.06-0.1 0.08-0.15 Kurbskaja 
Skin, neck (child) 0.015-0.05 0.05-0.08 Kurbskaja 


stroma is dense and firm, e.g., in the 
mucosae of the hard palate, of the max- 
illary antrum, of the free edge of the 
anterior two thirds of the vocal cord, 
and of a vertical central strip on the 
laryngeal surface of the epiglottis. 


A report on the diameters of injected 
lymphatic capillaries in cadavers was 
published by Teichmann*’ in 1861, and 
a more recent report was prepared by 
Schdanovy and his associates.795° A few 
of these measurements are given in table 


I. 


The larger diameter of deep lymphatic 
capillaries, as compared to those which 
are superficial, partially explains the 
greater frequency of regional lymph 
node metastases in advancing clinical 
stages of epithelioma, e.g., in those of 
the tongue. It is logical to assume that 
more epithelioma cells will enter lym- 
phatic capillaries having a diameter of 
0.054 to 0.72 mm. than capillaries hav- 
ing a diameter of 0.018 to 0.027 mm. In 
stage I only the latter narrower mucosal 
lymphatics are involved; in stages II, 
Ill and IV the wider submucosal lymph 
capillaries are involved in the process. 


In addition to the caliber of the lym- 
phatics, other factors in the tumor bed 


affect the movement of lymph and, there- 
fore, the spread of epithelioma. Move- 
ment of the contents in lymphatic capil- 
laries differs from that in arterial 
capillaries. According to  Starling,*! 
blood in arterial capillaries is moved rap- 
idly at a relatively high intraluminal 
pressure, aided by the semirigidity of 
the elastic muscular walls of the arterial 
system. This pressure is reduced by the 
increase in total volume of the arterial 
tree as one progresses from the aorta 
toward the capillaries: the average di- 
ameter of the aorta is believed to be 
somewhere near 3 cm., and the total vol- 
ume of arterial capillaries is said to be 
SOO times greater. It is not surprising, 
therefore, that the intraluminal pressure 
falls correspondingly as follows: the mean 
pressure in 1 cm. of water in the larg- 
er arteries is 135 cm.; it is 90 cm. in the 
arterioles, and 35 cm. in the arterial 
capillaries. In the venous capillaries it is 
30 cm., in venules 15 cm., and in the 
subclavian vein it is from 4 to 6 cm. The 
latter is lower than the pressure within 
the thoracic duct, which is from 6 to 10 
cm.; this relationship facilitates the flow 
of lymph into the subclavian vein.29-3¢ 


Lymph in peripheral lymphatic capil- 
laries moves sluggishly; it is not pro- 
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pelled by contraction of the left ven- 
tricle. The walls of lymphatic capillaries 
are devoid of muscle; they are lax and 
the intraluminal pressure in them is near 
zero. Primitive lymphatic capillaries 
consist of only a single layer of endo- 
thelial cells, perhaps surrounded by a 
few connective tissue fibers ; these devel- 
op into a definite adventitia as one pro- 
gresses centripetally and the lymphatic 
capillaries assume a larger diameter. 
With further increase in the caliber, 
smooth muscle fibers appear in the wall; 
in a number of them, especially in the 
thoracic duct, there is a true muscle 
coat. The contraction of these smooth 
muscle fibers tends to shorten the lym- 
phatic vessel, and this may help in the 
movement of lymph. However, accord- 
ing to Drinker and Yoffey,? other more 
important factors also affect the flow of 
lymph. 


Movement of lymph depends primar- 
ily on three forces outside of the lym- 
phatic system: 


1. The plasma leaks from arterial 
capillaries into tissues surrounding the 
lymphatic capillaries. This raises the 
hydrostatic pressure around the lym- 
phatic capillary, which, according to the 
beautifully illustrated conception of 
Young and Griffith,*? facilitates the en- 
trance of the fluid surrounding the capil- 
lary into its lumen. This in turn in- 
creases the intraluminal pressure and 
furnishes more lymph for the transpor- 
tation of epithelioma cells ; therefore, the 
richer the vascularization of the tumor 
bed, the more plasma will enter the lo- 
cal lymphatic capillaries, the greater will 
be the flow of lymph, and the more like- 
ly is the spread of the epithelioma. 


2. Contraction of muscle surround- 
ing the lymphatic capillaries ; such mus- 
cle is well developed in some sites and is 
less marked in other portions of the up- 
per respiratory and digestive tracts. 
Where present, its contraction propels 
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lymph and other contents of lymphatic 
capillaries in a centripetal direction, 
toward the thoracic and right lymphatic 
ducts, and increases the intraluminal 
pressure. The importance of this rise 
in intraluminal pressure for the move- 
ment of lymph (and epithelioma cells) 
in lymphatic capillaries may be appre- 
ciated from the following experiment by 
Drinker and Field.? These authors in- 
serted a cannula into a lymph collecting 
tubule in the leg of an anesthetized dog. 
When the leg was at rest, lymph did not 
flow out of the cannula; only when the 
leg was moved or massaged, and the 
pressure within the lymphatic thus 
raised, did the lymph flow out of the can- 
nula. This observation suggests that 
movement in peripheral lymphatic cap- 
illaries may be expedited in locations in 
which contraction of muscle surround- 
ing the capillaries squeezes the contents 
centripetally ; examples of such locations 
are the soft palate, the tongue, the phar- 
ynx, and the esophagus. Movement of 


the contents in lymphatic capillaries is 


likely to be more sluggish where con- 
tracting muscle does not play an im- 
portant role, e.g., the mucosa covering 


the hard palate and maxillary an- 
trum or the free edge of the vocal 
cord. Local extensions and _ regional 


lymph node involvement should, there- 
fore, be more frequent and more ex- 
tensive in epitheliomas growing in tumor 
beds in which muscle surrounds the lym- 
phatic capillaries than in those in which 
it does not. In this connection an obser- 
vation of Pullinger and Florey’ is in- 
teresting, namely, that lymph capillaries 
are “intimately connected to the sur- 
rounding tissues by collagen and reticu- 
lum fibers.” Contraction of muscles sur- 
rounding lymph capillaries not only 
helps to move the contents of the capil- 
lary centripetally, but by pulling on the 
wall, the contraction may also open 
spaces between the cells of the endo- 
thelial lining and thus facilitate the en- 
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trance into the capillary lumen of bac- 
teria and cells, including, one would sup- 
pose, cancer cells. 


3. Finally, movement of lymph is in- 
fluenced by contraction of costal muscles 
and diaphragm in breathing; this pro- 
pels and sucks lymph alternately from 
and into the thoracic and abdominal 
cavities. 


The relative importance of the above 
three forces in the movement of the con- 
tents of lymphatic capillaries varies in 
different locations in the body. The first 
two affect, primarily, movement in the 
peripheral lymphatics, and the third 
probably influences especially the flow 
of lymph in the peritoneum, pleura, and 
abdominothoracic organs. 


The maintenance of the centripetal di- 
rection of flow within lymphatic capil- 
laries 1s aided by valves. These are folds 
of intimal lining facing in the direction 
of the current which prevent the reflux 
of lymph once it has passed the site of 
the valve. Lymph ts thus kept constantly 
moving toward the thoracic or the right 
lymphatic duct and cannot flow in the 
opposite direction under normal condi- 
tions. The valves are placed at frequent 
intervals in the peripheral lymphatics 
and become rarer as one approaches the 
region of the thoracic duct. Because of 
the low intraluminal pressure in the 
lymph capillaries, insufficiency of the 
valves may result in retrograde flow if 
there is enough obstruction to the cen- 
tripetal direction of the current, e.g., by 
a proximally placed mass of inflamma- 
tory or neoplastic tissue. Often these ob- 
structions start in the region of a lymph 
node which has been filled by growth of 
epithelioma cells. 


REGIONAL LYMPH NODES 


Regional lymph nodes are usually the 
first site of metastasis in epithelioma, 
and their anatomic location has been 
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the subject of numerous studies. Infor- 
mation as to their normal location in re- 
lation to the individual cancer sites is 
essential for correct planning of the 
treatment areas for excision or radio- 
therapy. This information is outside the 
range of the present study and will not 
be discussed here. It would appear, how- 
ever, that the frequency of regional 
lymph node involvement is usually great- 
er where the tumor bed is rich in arte- 
rial and lymphatic capillaries, especially 
where the latter are compressed by sur- 
rounding muscle, than where these three 
circulatory aids do not exist. Mascagni'® 
believed that small lymphatic vessels 
never enter directly into large ones, but 
always first pass through a lymph node. 
Schdanov’?*® believes that there are some 
exceptions to this rule. The lymph par- 
ticles and cells floating therein enter 
through afferent lymphatics into the 
marginal sinus at the periphery of the 
node and either progress directly to the 
efferent vessel or through the inter- 
mediate sinuses in the cortex and medul- 
la, then leave the lymph node through 
the efferent vessels at the hilum. Circula- 
tion in the lymph node is described by 
Yoffey and Courtice*® as follows: 


Lymph flowing in through a number of nar- 
row channels and under a very definite head 
of pressure finds itself in a huge space with 
an enormous number of rich and irregular 
paths leading to the hilum vessel. The flow 
is instantly slowed and the driving head of 
pressure practically lost. Not only are the 
sinuses in the node a perfect settling chamber, 
but the reticulum which they contain fur- 
nishes a multitude of baffles, which again 
slow down the lymph flow and make it easy 
for the phagocytic cells composing the reticu- 
lum to perform their function. 


The sinuses of the regional nodes are, 
therefore, an ideal site for epithelioma 
cells to settle without being floated away 
by the current of lymph. Clumps of 
these cells can attach themselves to the 
intima lining the sinus walls, become 
vascularized, thus getting better nour- 
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ishment, and finally start growing as a 
full fledged metastatic growth. This 
growth may eventually fill and destroy 
the lymph node. From a clinical stand- 
point it is important to remember that 
the filtering action of lymph nodes is re- 
duced by massage. Thus vigorous pal- 
pation, even the normal movements of 
the head which compress neck structures, 
as well as contraction of the muscles in 
swallowing, may increase passage of 
cancer cells through an invaded lymph 
node. 


A review of everything that has been 
said in the preceding pages permits the 
assumption that epitheliomas of the up- 
per respiratory and digestive tracts are 
likely to grow more aggressively, metas- 
tasize earlier and, consequently, be more 
extensive when the patient applies for 
treatment if the following circulatory 
conditions prevail in the tumor bed: 
rich vascularization, rich lymphatic 


drainage, and muscle compressing the 


lymphatic capillaries. Epitheliomas grow- 
ing in tumor beds with scant vasculariza- 
tion and lymphatic drainage and no mus- 
cle surrounding the lymphatic capillaries 
are likely to grow slowly, show late lo- 
cal extension and regional lymph node 
metastasis and limited extent of involve- 
ment at the time the patient applies for 
treatment. Examples of the first group 
of tumor beds are to be found in epi- 
theliomas arising in the region of the 
base of the tongue,*? the faucial tonsil,!° 
the soft palate,*’ and the pharynx.*? 
Most of these epitheliomas tend to grow 
rapidly and invasively and to metas- 
tasize to regional lymph nodes in close 
to 60 per cent of the cases. Epitheliomas 
originating in and still limited to primary 
sites in regions of the hard palate,*? the 
maxillary antrum,** and the free edge 
of the anterior two thirds of the vocal 
cord represent growths in tumor beds of 
the second group. These are poorly 
nourished and less efficiently drained, 
and no muscle surrounds the lymph cap- 
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illaries; therefore, they tend to grow 
more exuberantly, spread slowly, and 
metastasize late, e.g., there are practically 
no regional node metastases in epithel- 
iomas limited to the free edge of the 
anterior two thirds of the vocal cord. 
Here there is only a single layer of 
lymph capillaries; their diameter aver- 
ages 0.018 mm. and Reinke’s space 
and the nucleus elasticus separate 
the subepithelial lymph capillaries from 
the thyroarytenoideus muscles. Metas- 
tasis to the cervical lymph nodes occurs 
in about 30 per cent of epitheliomas of 
the anterior portion of the laryngeal ves- 
tibule, according to Baclesse,* and in 70 
per cent of those of the posterior part. 
Lymph drainage of the anterior portion 
consists of a single layer of lymphatic 
capillaries averaging 0.03 mm. in diam- 
eter and muscular contraction here is 
much less than in the posterior portion. 
Posteriorly there is a double layer of 
lymph capillaries, the superficial one 
having a diameter of 0.04 mm., and the 
deep one, 0.4 mm. The difference in the 
proportion of lymph node metastases, 
therefore, may be explained by the varia- 
tions in drainage facilities. On the basis 
of much experience, Clerf* feels that 
prophylactic neck dissection is indicated 
in all cordal cancers with extension to 
the subglottic region or arytenoids, and 
in all primary epitheliomas of the supra- 
glottic and infraglottic areas ; lymphatic 


drainage in these regions is much richer 


than on the vocal cord. 


The above differences in circulation of 
the tumor bed indicate treatment helds 
which go wide of the clinically appre- 
ciable local limits of the epithelioma and 
routine treatment of regional lymph 
node areas, whether clinically involved 
or not, in epitheliomas growing in tumor 
beds of the first group. On the other 
hand, in cancers of the second group it 
may suffice to treat narrow margins 
around the local clinical limit of the can- 
cer, without prophylactic neck dissec- 
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FIG. 1 


from the vocal muscle by elastic tissue; muscle is close 


tion or prophylactic radiotherapy to re- 
gional nodes. For example, simple cord- 
ectomy or narrow field radiotherapy is 
likely to cure most epitheliomas limited 
to the free edge of the anterior two 
thirds of the vocal cord; yet, even radi- 
cal laryngectomy or wide field radio- 
therapy or both, including prophylactic 
neck dissection or prophylactic radio- 
therapy to the neck, often fails to cure 
epitheliomas of the lower portion of the 
pyriform sinus. 


In view of the role played by muscle 
contraction around lymphatic capillaries, 
it would seem logical to consider reduc- 
tion of the need for this contraction by 
substituting other methods of accom- 
plishing the function of these muscles. It 
is advantageous to do this early, before 
metastasis has reduced the possible use- 
fulness of this procedure. For instance, 
in epithelioma of the mucosa of the 
cheek, the need for contraction of the 
masseter muscles may be reduced by 
placing the patient on a liquid diet as 
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In addition to the smaller number and caliber of lymphatics in the vocal cord, these are separated 


to lymphatics in the aryepiglottic fold. 


soon as the diagnosis has been made; in 
epithelioma of the soft palate, the poste- 
rior portion of the tongue, the aryepi- 
glottic fold, the pyriform sinuses, the 
pharynx and the cervical esophagus, tube 
feeding or gastrostomy will diminish 
the need for contraction of the muscles 
concerned with swallowing. Though log- 
ical, this suggestion should be applied 
only with the realization that it still 
requires the support of extensive clin- 
ical experience. 


Circulation in the tumor bed, of 
course, does not represent the only fac- 
tor determining the growth and exten- 
sion of epithelioma of the upper respira- 
tory and digestive tracts ; many other 1n- 
fluences also affect this problem. Thus, 
inherent growth tendencies character- 
istic of individual growths or of types 
of epithelioma may persist irrespective 
of circulatory changes in the tumor bed. 
Taylor and Nathanson,*? for instance, 
noted an increase in the proportion of 
metastatic lesions in the lymph nodes from 
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6 per cent to 30 per cent to 52 per cent as 
the microscopic grading rose from I toll 
to III in 579 epitheliomas of the lower 
lip. In 126 patients with epithelioma of 
the buccal mucosa, grade I, the propor- 
tion of metastatic lesions in the lymph 
nodes was 24 per cent ; it was 45 per cent 
in 93 patients with microscopic grade I] 
and grade III. In other words, the fre- 
quency of lymph node metastasis was 
greater in the less differentiated epithe- 
liomas of the oral mucosa irrespective 
of the primary site of the growth. These 
natural growth characteristics influence 
the extent of involvement which the can- 
cer is likely to reach by the time the pa- 
tient applies for treatment. 


Many other factors also affect the ex- 
tent of involvement at the time of treat- 
ment; among these should be mentioned 
the ease and accessibility of the cancer 
to clinical diagnosis. For instance, epi- 
thelioma of the lower lip in patients seen 
at the Curie Foundation in Paris was 
diagnosed by Baud* in stage I in 43 per 
cent of 287 applicants for treatment, 
whereas only 5 per cent of patients ap- 
plied after their cancer had reached stage 
IV. On the other hand, in epithelioma of 
the mucosa of the cheek,'® which is much 
more hidden, the respective proportions 
were for Stage I, 11 per cent of 131 pa- 
tients, and for Stage IV, 21 per cent. 


Another factor is the cancer education 
of the patient and the first doctor who 
examines the patient. Good cancer prop- 
aganda tends to bring patients with easi- 
ly recognizable cancers to the doctor in 
earlier stages than when no effort has 
been made to educate either the public 
or the medical profession. Good cancer 
propaganda is exemplified by the work 
of the American Cancer Society. 


The duration of the neoplasm before 
diagnosis, of course, must have an in- 
fluence on the size of the cancer at the 
time when the patient applied for treat- 


ment. This is shown by the advanced 
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clinical stage of the epithelioma when 
the patient seeks medical advice — the 
longer the disease has existed, the more 
advanced, usually, is the stage of the 
epithelioma. 


In spite of the various factors just dis- 
cussed, it is felt that circulation in the 
tumor bed also influences the growth 
and extent of epitheliomas of the upper 
respiratory and digestive tracts. 


In their book on metastasis to the 
lymph nodes, Taylor and Nathanson* 
correctly suspected that there may be a 
relationship between the variation in the 
frequency of these metastatic lesions, 
depending on a difference in the caliber 
of lymphatics, and movement in the vari- 
ous sites of intra-oral epithelioma. 


In a personal communication, Mc- 
Whirter”® independently suggested move- 
ment as a major force in producing me- 
tastasis to the lymph nodes in intraoral 
cancer sites. Masson!? related the pau- 
city of metastatic growths from carci- 
noids of the appendix and their fre- 
quency from carcinoids of the small in- 
testine to more forceful peristalsis in the 
intestine. However, it was the anatomic 
studies of the diameter of lymphat- 
ics,!7-29,30,33 and the physiological inves- 
tigations of the movement of blood and 
lymph?->-51,38,39 correlated with personal 
clinical experience and that of others 
which helped to explain differences in 
growth behavior of epitheliomas in vari- 
ous locations of the upper respiratory 
and digestive tracts. 


Some of the conclusions reached in 
the preceding pages may have to be mod- 
ified. We believe, however, that the 
theory will be upheld that the circula- 
tion in the tumor bed influences the 
growth and extension of epithelioma. 
Consideration of this factor in deciding 
on the areas to be excised or irradiated 
may improve the planning and, there- 
fore, the results of treatment of these 
cancers. As contraction of muscle around 
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lymphatic capillaries may increase the 
spread of epithelioma, the suggestion 
scems logical that this threat may be re- 
duced by substituting other means to 
accomplish its function and thus place 
the muscle at rest. It is realized, however, 
that the practical application of this ex- 
pedient may at times have to be modified 
and that the method may not be indicated 
in some instances. The whole subject of 
the relation of circulation in the tumor 
bed and growth of epithelioma is one of 
practical interest to those working in 
‘ancer research and deserves further 
study. 
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DISCUSSION 


Joun F. Daty, M.D., New York: Tumors 
show great variations in their clinical be- 
havior, but among these variations certain 
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patterns can be discerned. One of these is that 
the incidence of metastasis tends to vary ac- 
cording to the anatomical site of the tumor. 
To find an explanation for this, Dr. Lenz has 
restudied the tumor bed and has found a defi- 
nite correlation between the incidence of 
metastasis and (1) the vascularity of the 
area, (2) the size and development of the 
lymphatic vessels, and (3) the motility of the 
area. He has amply supported his thesis with 
both experimental and clinical evidence. 


He has made this his main theme and pre- 
sented it in the major key in order that its 
full implications may be seen. At the same 
time, he points out that other factors influence 
the behavior of the tumor; namely, its in- 
herent biological tendencies. Tumors are like 
human beings, they have traits which cannot 
be attributed to their environment and can be 
explained only on the basis of their chroma- 
somes. Epitheliomas arising in the same 
anatomical area may show wide variations in 
their ability to grow, invade and metastasize. 


Thus the clinical behavior of any epitheli- 
oma will be the resultant of these two fac- 
tors: (1) the intrinsic character of the tumor 
and (2) the environment offered by the tu- 
mor bed. | 


Dr. Lenz has added a new dimension to 
this dynamic picture of the tumor field by 
stressing the role of muscle action in moving 
fluid from the tissue spaces into and through 
the lymphatic vessels. That muscle action 
could be responsible for variation in rates of 
metastasis has not been presented so clearly 
before. 


As a practical application of the importance 
of muscular action in dissemination of cancer 
cells, Dr. Lenz suggests that the part involved 
be put at rest. This will be a more formidable 
problem for the radiotherapist, who must 
treat his patient over a_ four-to-six-week 
period. For the surgeon it raises the question 
ot how much his manipulation of the tumor 
bed before and during the operation may be 
responsible for dissemination of tumor cells. 
For example, in considering aspiration for a 
biopsy of a cervical node in the field of drain- 
age of a proved primary lesion, the surgeon 
should ask himself whether the information 
gained is important enough to outweigh the 
definite risk of spread of disease. This con- 
cept of the tumor bed should be used in ana- 
lyzing every tumor problem. 


By stressing the role of muscular action 
in dissemination of tumor cells, Dr. Lenz 
has made an important contribution to our 
understanding of tumor behavior. 
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THE COMPREHENSIVE SURGICAL TREATMENT 
OF NASAL POLYPOSIS 


KinseY M. Simonton, M.D. 
ROCHESTER, MINNESOTA 


Tue difficulties and disappointments 
attending the treatment of nasal poly- 
posis have been experienced by every 
rhinologist. The tendency for recur- 
rence of polypi is too well known to 
need emphasis. No single method or 
combination of methods of treatment 
has yet been devised which can be de- 
pended on to bring permanent relief to 
all patients. In Mayo Clinic experience, 
however, comprehensive surgical treat- 
ment has brought patients with nasal 
polyposis the greatest degree of relief 
for the longest time. 


PATHOLOGY 

The pathogenesis of nasal polypi is 
not fully agreed on by writers on the 
subject. Allergy and infection are gen- 
erally accepted as the principal causes of 
polyposis, emphasis being placed on one 
or the other according to the major in- 
terest of the author. 


Hansel’ reported finding polyps in 25 
per cent of unselected cases of nasal al- 
lergy and mentioned Kern and Schenck’s 
report of nasal polypi in 30 per cent of 
patients suffering from asthma. Kern 
and Schenck had written also that 
polypi are seldom encountered in pa- 
tients with suppurative sinusitis asso- 
ciated with pulmonary lesions. 


From the Section of Otolaryngology and Rhinology, 
Mayo Clinic and Mayo Foundation. The Mayo Foun- 
dation, Rochester, Minnesota, is a part of the Gradu- 
ate School of the University of Minnesota. 


Presented at the Sixty-Second Annual Session of 
the American Academy of Ophthalmology and Oto- 
laryngology, Oct. 13-18, 1957, Chicago. 


and Wolff? stated: 


The common polyp represents an edema and 
simple hypertrophy of the nasal mucosa re- 
sulting from an inflammatory process. Unless 
the infection is removed, the polyps will con- 
tinue to appear, even though they are super- 
ficially removed. In order to discontinue the 
process of polypoid formation, it is necessary 
to remove the infectious process. This is not 
always so easily accomplished in so compli- 
cated a structure as the nasal sinuses. 


The same authors gave the opinion 
that polyps arise because of basic vascu- 
lar changes in the nasal mucosa which 
are induced by chronic and repeated at- 
tacks of sinusitis. The infection causes 
periphlebitis and perilymphangitis ; then 
these impede the return of interstitial 
fluids, as the obstruction affects the 
veins, the artery remaining intact. Fluids 
enter but do not leave. This results in 
distention of tissues and reduced oxida- 
tion, eventuating in edema. 


Taillens* offered the view that polypi 
are the result of a combination of infec- 
tion and allergy. He stated that polypi 
arise first within the sinuses—primarily 
the maxillary sinus—later extending into 
the nasal chamber, and that the infec- 
tion from which they proceed is a nat- 
ural consequence of impaired drainage 
within the sinuses secondary to allergic 
edema of the mucosa. The allergy 1s 
atypical, failing to respond to desenst- 
tization measures. Tissue eosinophilia 
is not a constant finding and of itself 
has little clinical significance, but eosin- 
ophilia of more than 10 per cent in the 
blood is a bad prognostic sign for poly- 
posis. 
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Taillens considered the maxillary si- 
nus the most frequent point of origin of 
nasal polypi. This is logical, since lack of 
dependent drainage makes the maxillary 
the most vulnerable of all sinuses to 
chronic infection. In our experience, 
however, manifest polyposis has the 
ethmoid labyrinth as its most frequent 
and earliest site. Polypi are found in the 
maxillary sinus in most cases of severe 
polyposis, but they appear less frequent- 
ly in the sphenoid and frontal sinuses. 


Nasal polyposis is reversible only in 
its early stages. Newly formed polypi 
observed during the edematous phase of 
acute rhinitis or of acute nasal allergy 
can be resorbed when the source of irri- 
tation is eliminated. Older polypi which 
show changes in the walls of their blood 
vessels resulting in vascular insufficiency 
are capable of permanent remission, 
spontaneous or induced, in only a few 
cases. 


MATERIAL AND METHODS 
Selection of Cases 


The records of patients who under- 
went surgical treatment for nasal poly- 
posis with concomitant sinusitis in hos- 
pitals associated with the Mayo Clinic 
during the years 1949, 1950, and 1951 
were reviewed. Instances of antrocho- 
anal polyps and cases not seen at least 
one year after operation by a rhinologist 
of our group were not included. Found 
qualifed for study were a total of 120 
cases with follow-ups ranging to seven 
years. 


Techniques 


The records used represent the work 
of a group of surgeons who, while sub- 
scribing to the same general principles, 
nevertheless interposed their personal 
variations in judgment and technique. 
Our general policy has been to individ- 
ualize the treatment, applying the surgi- 
cal measures deemed indicated by pre- 
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operative findings in each case rather 
than doing a prescribed operation in all 
cases. This results in more extensive 
operation in those cases which present 
greater degrees of polyposis and intec- 
tion. 


All of the operations were accom- 
plished by the intranasal approach. If 
preoperative examination had disclosed 
morbidity in the antrums, grossly dis- 
eased mucosa was removed insofar as 
was possible, the grossly normal tissue 
being preserved. If morbidity had been 
discovered in the ethmoid sinuses, visible 
mucosa was removed carefully from 
them by curet. The sphenoid sinuses 
were investigated at operation, and when 
disease was demonstrated they were 
opened and stripped of mucosa. As a 
rule, the frontal sinus was not disturbed. 
This technique did not provide for strip- 
ping all mucosa from the maxillary si- 
nus, from the floor of the ethmoid laby- 
rinth, or from orbitoethmoid and fronto- 
ethmoid cells when these were present. 
Submucous resection of the nasal sep- 
tum was performed when indicated but 
has not been considered in evaluation of 
the results. 


It has been our practice to use intra- 
nasal irradiation as an adjunct to surgi- 
cal measures in cases of severe polyposis 
and cases in which prior surgical treat- 
ment has been followed by rapid recur- 
rence. This process of selection makes 
comparison with the general group diffi- 
cult. 


Two or four capsules, each containing 
50 mg. of radium encased in 1.5 mm. of 
brass, were applied to the sphenoethmoid 
and maxillary areas at the completion of 
the operation and were removed at the 
end of three hours. The brass screen ab- 
sorbed the beta rays but allowed the 
gamma rays to enter the tissues. The 
dose was 150 mg. hours from each cap- 
sule. 


Antibiotic therapy was used _post- 
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operatively for two to five days in all 
cases. Steroid therapy was used so sel- 
dom that it is not a factor in the results. 
The study, then, is basically a compari- 
son of the effectiveness of surgical pro- 
cedures of various extent. 


Classification of O perations 


Conservative surgical treatment—the 
removal of a few nasal polypi as they 
recur from time to time—was ruled out 
of the present study with the exclusion 
of that kind of case. The operations per- 
formed in this series are all of relatively 
extensive scope, although the variation 
among them is rather wide, as deter- 
mined by the conditions found. In classi- 
fying these procedures for comparison 
of results consideration has 
been focused principally on the latest 
operation in the history. The scheme of 
classification follows: (1) comprehen- 
sive, either (a) primary or (b) second- 
ary; and (2) limited, whether (a) 
progressive, (b) primary, or (c) sec- 
ondary. 


achieved, 


Simply stated, a comprehensive pro- 
cedure was one in which the polypi were 
removed from both the nose and the 
paranasal sinuses, with provision for 
free drainage of products of infection 
from the sinuses, and as much mucosa 
as possible—both polypoid and poten- 
tially polypoid—was removed from the 
maxillary sinus and ethmoid labyrinth, 
and from the sphenoid and frontal si- 
nuses when necessary. The frontonasal 
duct was exposed during ethmoidectomy 
in most instances. Turbinate tissue was 
preserved to the greatest degree prac- 
ticable. 


Limited procedures exceeded the con- 
servative measures mentioned by includ- 
ing treatment of either the maxillary or 
the ethmoid sinuses. Actually, progres- 
sive signifies a completed series of oper- 
ations which amounted to comprehensive 
treatment; but inasmuch as the succes- 


sive stages were employed to meet suc- 
cessive conditions—recurrences of poly- 
pi—rather than as parts of a concerted 
plan, and the latest stage was in itself a 
limited operation, it is classed with that 
general type. The other limited proce- 
dures differed from the comprehensive 
in that, because evidence of polyposis or 
infection was not found therein at pre- 
operative examination, either the an- 
trums were not opened or the ethmoid 
labyrinth was not exenterated. 


FINDINGS 
Classification of Follow-up Observations 
All of the 120 cases were classified in 
accord with the findings at the latest ob- 
servation by a rhinologist of our group. 


1. No recurrence signifies that no 
recurrence of polyp! was seen at obser- 
vation at least one year after operation ; 
all cases in which recurrence was found 
at any time after operation are reported 
as recurrent. 

2. Asymptomatic recurrence signihes 
that the polypoid hyperplasia and small 
polypi found did not extend below the 
level of the inferior margin of the mid- 
dle turbinate and that further surgical 
treatment was not advised at the time of 
observation. Asymptomatic polypi may 
enlarge, however, to become sympto- 
matic. 

3. Symptomatic recurrence signifies 
that the polyposis observed was greater 
than that described for category 2. 


Consideration of Results 


The results of all operations and a 
comparison of results from those classed 
as comprehensive and those classed as 
limited are presented in table I. No re- 
currence was observed in 47 per cent of 
all cases ; but on further classification no 
recurrence was found in 62 per cent of 
cases in which comprehensive operation 
had been performed, as compared to 34 
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OPERATIONS 
RECURRENCES COMPREHENSIVE LIMITED TOTALS 
NU MBER PER CENT NUMBER PERCENT | NUMBER PER CENT 
None 34 62 22 34 56 47 
Asymptomatic 10 18 20 31 30 25 
Symptomatic 1] 20 23 35 28 
Taste Il 
Resutts OF Limirep OperaTIONS CLASSIFIED By Extent 
RECURRENCES PROGRESSIVE NOT ANTRUMS NOTETHMOIDS _ TOTALS 
NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT 
None 2 20 16 34 4 50 “Se Bee 
Asymptomatic 4 40 16 Re 0 0 a 
Symptomatic 4 40 15 32 4 
Taste III 
RESULTS OF COMPREHENSIVE OPERATIONS CLASSIFIED By PRIoRITY 
RECURRENCES PRIMARY SECONDARY TOTALS 
NUMBER | PERCENT ‘NUMBER | PER CENT NUMBER PER CENT 
Asymptomatic 7 22 10 12 
Symptomatic | 3 | 13 8 25 1] 2 


RECURRENCES 


RESULTS OF L 


TaBLe IV 
IMITED OPERATIONS CLASSIFI 


OPERATIONS 


ep By Priority 


PRIMARY 


SECON DARY* 


TOTALS 


NU MBER 


PER CENT 


NU MBER 


PER CENT 


NU MBER 


PER CENT 


None 13 43 9 26 22 4 
Asymptomatic 6 20 14 4 20 31 
Symptomatic 11 37 12 34 23 35 


*Including progressive. 
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TABLE V 
ResuLts RapruM THERAPY AS ApyuNCcT To OPERATION 
(32 Cases) 
OPERATIONS 
RECURRENCES COM PREHENSIVE LIMITED 
PRIMARY SECONDARY PRIMARY SECONDARY 
| NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT 
None 2 67 6 60 2 4 | 6 | 43 
Asymptomatic! 1 | 33 | 1 10 | 
Symptomatic | 0 0 3 30 2 40 | 2 | 14 
per cent of cases in which limited mea- marized in table V. These very small 


sures were applied. After the operations 
of each type, the asymptomatic recur- 
rences were approximately equal in 
number to the symptomatic. 


Among limited operations, including 
the progressive, table II distinguishes 
whether it was the antrums or the eth- 
moid sinuses which were not treated 
surgically. The rate of recurrence is 
approximately equal in all groups, varia- 
tions from the mean occurring in the 
smaller groups. This table suggests that 
the ethmoid and maxillary sinuses are 
equally important as sites of recurrence. 
When recurrence was observed, poly- 
posis often was seen also in the sinuses 
not previously treated surgically. 

Cases of comprehensive operation and 
limited operation are divided in tables 
III and IV into those in which the re- 
ported procedure was the primary or 
secondary operation done for polyposis. 
It is apparent that in both classes the re- 
sults have been more favorable when the 
operation was accomplished in a field not 
previously subjected to surgical treat- 
ment. Scar tissue and sclerosis of bone 
resulting from previous surgical inter- 
vention increase the difficulty of dissec- 
tion and consequently decrease the possi- 
bility of adequate removal of diseased 
mucosa. 


The results observed after operation 
and radium therapy in 32 cases are sum- 


subgroups of cases reported do not 
amount to conclusive evidence, but the 
hndings closely approximate those from 
the total group of cases, except for the 
instances in which a secondary limited 
operation was employed. Within this 
subgroup, results in those cases in which 
radium was used were better than those 
in the entire group. It should be repeated 
that the cases selected for radium ther- 
apy were the most difficult ones. 


COM MENT 


Comprehensive surgical treatment is 
not recommended in all cases of nasal 
polyposis. Acute polyposis arising in the 
course of acute allergic or inflammatory 
rhinitis often resolves spontaneously as 
the rhinitis subsides, and nonsurgical 
treatment usually is effective in such 
cases. Also, solitary polypi do not justify 
so extensive a surgical procedure, par- 
ticularly if the point of origin is within 
the nasal cavity; often conservative re- 
moval of such polypi is followed by re- 
lief of several years’ duration. Compre- 
hensive surgical treatment is recom- 
mended for cases in which multiple 
polypi arise from the ethmoid and max- 
illary sinuses. 

The observations reported in this 
study indicate a definite correlation be- 
tween extent of the surgical procedure 
and incidence of recurrence of nasal 
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polypi. The more extensive procedures 
resulted in significantly lower incidence 
of recurrence. Further evidence in this 
direction is elicited by comparison of 
our results with those presented by Dia- 
mant and Ottosson.! These authors have 
reported on a series of patients treated 
by external radical maxillary sinusotomy 
and transantral ethmosphenoidostomy, 
with removal of all antral mucosa in 
each case. In dealing with the ethmoid 
sinuses, this operation removes the floor 
and its attached mucosa. Thus it is more 
extensive than the intranasal operation 
reported in our series. Results of the 
two series are shown in table VI. | be- 
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and loss of the sense of smell result 
from the persistent and increasing pres- 
sure of nasal polypi, and the preserva- 
tion of a physiologically adequate nasal 
mucosa is greatly favored by early oper- 
ation. The surgeon must possess great 
courage to advise an extensive surgical 
procedure at an early stage of polyposis, 
but I am convinced that comprehensive 
operation done as a primary procedure 
in the early stages of polyposis offers 
the greatest advantages both in rate of 
cure and in preservation of nasal func- 
tion. 


The results achieved by the addition 
of radium therapy in recurrent cases 


TABLE VI 
RESULTS OF COMPREHENSIVE INTRANASAL AND TRANSANTRAL OPERATIONS 


| INTRANAS rRANSANTRAL 
RECURRENCES | MAYO CLINIC 
None 62% 80.3% 
Asymptomatic 18% 94% 2 
Symptomatic 20% 10.3% 


*Inasmuch as the transantral series 
both categories for the comparison. 


lieve that improved results reported by 
Diamant and Ottosson stem from more 
comprehensive removal of sinal mucosa. 


Comprehensive surgical treatment 
achieves its highest degree of success 
when employed as the primary surgical 
procedure. This is evident not only in 
the percentage of nonrecurrence but, just 
as importantly, in the preservation of 
nasal function. Removal of polypi is, in 
a sense, removal of nasal mucosa. Re- 
peated partial polypectomy results in a 
much higher incidence of surgical atro- 
phy than does a single operation of suf- 
ficient scope to cure the disease. 


In its pathologic aspect nasal poly- 
posis is, according to Eggston and 
Wolff, a progressive process. Certainly 
progressive atrophy of the nasal mucosa 


included both primary and secondary operations, this group also contai 


ns 


indicate to me that this is a valuable 
adjunct to the secondary limited surgical 
operations employed in such a situation, 
and suggest a possible usefulness in oth- 
er severe cases, 


SUMMARY AND CONCLUSIONS 


Study of 120 cases of nasal polyposis 
treated at the Mayo Clinic by intranasal 
operation on polypi and sinuses shows 
an over-all rate of nonrecurrence of 47 
per cent one to seven years after opera- 
tion. Nonrecurrence was noted in 62 per 
cent of cases in which all sinuses were 
operated on, and in 34 per cent of cases 
in which operation on some sinuses was 
omitted because they were considered 
free of disease at the time of operation. 
Nonrecurrence was observed in 74 per 
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cent of those cases in which all sinuses 
were operated on at the initial operation 
for polyposis. 


In selected cases of severe disease, in- 
tranasal irradiation with radium was 
emploved in conjunction with the oper- 
ation. Generally, the incidence of non- 
recurrence approximated that of cases 
not treated by irradiation. 


Nonrecurrence of polyps was reported 
by Diamant and Ottosson in 80 per cent 
of cases treated by external antrostomy 
and transantral ethmosphenoidostomy. 


rom this study the following con- 
clusions seem warranted. 


1. Nasal polyposis may be effectively 
treated by surgical means. 


2. \ comprehensive operation to re- 


move polyps and potential polyp-bearing 
mucosa from the nose and sinuses pro- 
duces better results than more conserva- 
tive surgical measures. 


3. The best results, particularly with 
regard to preservation of nasal func- 
tion, are obtained when the comprehen- 
sive procedure is the first operation em- 
ploved. 


4. Kadium therapy is a useful adjunct 
to surgical measures in some circum- 
stances, but it is less important than 
adequate operation. 
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DISCUSSION 

FRANCIS L. Leperer, M.D., Chicago: Many 
facets of the nasal polyp problem are posed 
by Dr. Simonton’s excellent presentation. It 
does, however, offer numerous opportunities 
for challenge in the light of past literature and 
personal experiences. The greatest figure of 
Arabic medicine, Avicenna (970 to 1037 
A.D.), who wrote the Canon of Medicine, 
likened polyps to hemorrhoids and advised 
their ligation. Hippocrates, who could well 
be designated as the Father of Rhinology, de- 
scribed five kinds of polyps and gave a snare 
technique tor their removal around 460 B.C. 
In 1698 St. Hilaire stated, “When heat and 
disturbance enter the blood, its viscosity in- 
creases and the viscid parts are extruded. The 
heat fixes and condenses them and when 
abundant in a spongy structure, as the nose, 
furnishes the substance for polyps that swell 
the vessels and dilate the glands.” Over two 
centuries ago Morgagni described polyps as 
originating more in the nose than in the 
sinuses. The controversy of the past con- 
tinues to appear in the literature with such 
names as Billroth, Hopmann, Zuckerkandl, 
Hajek, Uffenorde, Killian, Kubo, Hirsch, 
Semenov, Van Alyea, and many others; now 
Simonton, venturing thoughts on the pros and 
cons of the site of origin, joins the therapeu- 
tic free-for-all. 


From evidence which is available we can- 
not view nasal polyps as a purely local dis- 
ease which responds readily to antiallergic, 
antibacterial therapy or to a surgical approach 
with a snare or a curet. In almost nine and 
one-quarter centuries of trial and error, the 
mechanical rem val of polyps, although fall- 
ing far short of its goal, is still the most 
popular rhinologic procedure. 


Dr. Simonton referred to J. P. Taillens, 
who feels that nasal polyposis is not an entity 
but a symptom. He speaks of an allergic ter- 
rain and expresses the thought that “pure” al- 
lergy does not seem to generate polyps. Most 
often these patients are more complex, even 
parallergic, 1.e., sensitive to weather changes, 
food, dust, and medications. If we accept these 
observations, we can better understand the 
failure of specific desensitization, the partial 
success of antihistamines, and the transient 
effect of steroid therapy. Taillens noted that 
in bronchial asthma, a frequent complication 
of polypoid sinusitis, a true allergic asthma 
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was rare, but asthmatiform bronchitis was 
common. It was in the latter that an aggresive 
surgical attack, referred to as “comprehen- 
sive” by Dr. Simonton, seemed to be effective 
or, at least, to bring about pronounced ameli- 
oration. Taillens did not find this to be the 
case in instances of true allergic asthma 
which not only did not improve but even 
worsened after the operation. 


Rather than accept the thesis that failure 
to eradicate polyps is due solely to improper 
allergic management or to inadequate surgi- 
cal exenteration of sinus cavities, I have, in 
association with Dr. Max Samter of the Uni- 
versity of Illinois, decided that the basic dif- 
ference rests on who it is who has the polyps. 
Patients are classified into two _ separate 
groups: viz., (1) the larger group which con- 
sists of those atopic patients who have suf- 
fered from rhinitis and bronchial asthma since 
their earliest childhood, and (2) the smaller 
group comprising the nonatopic patients who 
remain symptom-free until relatively late in 
life, when nasal polyps and bronchial asthma 
develop without warning and progress rapidly. 


Atopic and nonatopic patients who develop 
nasal polyps present, at first glance, a similar 
clinical picture and their complaints are al- 
most identical. Yet, it is likely that they rep- 
resent diseases of different causation. As a 
matter of fact, the differences which we have 
observed have outnumbered the similarities. 
A well controlled atopic patient will, as a 
rule, respond to a comprehensive antiallergic 
regimen with decided improvement, often with 
complete freedom from symptoms. The elderly 
patient who develops nasal polyps and bronch- 
ial asthma will never respond to control, rare- 
ly to treatment, and will be subject to asth- 
matic episodes of increasing severity. Acetyl- 
salicylic acid relieves the atopic individual; 
yet, strikingly, it is likely to cause fatal at- 
tacks in the elderly patient with “intrinsic” 
respiratory disease. 


For successful management of nasal polyps, 
one must realize that polyps may in some in- 
stances be limited to the nasal mucous mem- 
brane, but that more often than not they sug- 
gest similar changes in one or all of the neigh- 
boring nasal accessory sinuses. Rhinologists 
have often wondered why in some patients a 
simple removal of polyps by snare is followed 
by complete alleviation of symptoms and non- 
recurrence of polyps, whereas in others, even 
repeated procedures and more extensive exen- 
teration of the sinal mucosa produces debat- 
able therapeutic results. 


The group classification proposed by Samter 
offers a clue as to why some patients do re- 
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spond to accepted surgical procedures and 
others do not. Rhinologists have wavered be- 
tween so-called conservative and radical in- 
tranasal, and even external, sinus surgery. 
The enthusiasm for allergic management re- 
flects, I believe, the awareness that failures 
from the more complete, or what Simonton 
calls more “comprehensive,” forms of sinus 
surgery are not uncommon. Time does not 
permit a comparison between the effectiveness 
ot adequate drainage and extensive surgery 
with the effectiveness of antiallergic manage- 
ment. | only wish to re-emphasize the fact that 
the nasal and sinal involvement represents the 
local manifestation of a constitutional disease. 


What would I do then? In an atopic per- 
son who suffers from seasonal and perennial 
rhinitis associated with extensive nasal polyps, 
I would insist on rigid environmental control, 
recommend immunization to inhalants which 
cannot be avoided, perform a submucous re- 
section of the nasal septum if the airways 
are significantly obstructed, or carry out ad- 
ditional operations on the nose and paranasal 
sinuses as dictated by clinical and roentgeno- 
graphic evidence. The results of inadequate 
operation are as unsatisfactory as the results 
of madequate antiallergic management. 


In nonatopic persons, I would be inclined to 
be conservative and to postpone an operation 
as long as possible. It should be said, how- 
ever, that the use of corticosteroids unfor- 
tunately does not represent the final therapeu- 
tic solution for the handling of nasal polyps. 
Many of you will certainly agree with me 
that symptomatic administration of hormones 
might restore nasal mucous membranes to 
seemingly normal appearance and function, 
but that upon withdrawal, nasal polyps in- 
evitably recur. 


KENNETH L. Crart, M.D., Indianapolis: 
To me, at least, the treatment of nasal polyp- 
osis, with its constant tendency toward re- 
currence, is one of the discouraging features 
of rhinologic practice. Most polyps, | believe, 
especially “hose of the multiple bilateral type, 
are either due to, or associated with, allergic 
disease of the nose and sinuses. Effective 
treatment of the allergic factor, in my own 
experience, at least, frequently has been suc- 
cessful in controlling the milder form of 
polyposis in which the polyps were relatively 
small and few in number. However, allergic 
management alone often fails to give the de- 
sired relief in the extremely severe and more 
extensive form of this disease. This type of 
case usually is due either to primary chronic 
infection alone or to secondary infection su- 
perimposed upon primary allergic disease, and 


% 
> 
. 
— 
=F 
a 
ye 
| 
$2 
4 
“ 
ae 
| 
‘ 
> 
if 


JAN.-FEB. 
1 al 


58 


for lasting relief it often will require exten- 
sive radical surgery of the sinuses, as so well 
described in Dr. Simonton’s fine discussion. 


Dr. Simonton does not state what per- 
centage of his cases was purely allergic, what 
percentage was purely infectious, nor how 
many cases were of the combined type. Per- 
haps this sort of classification might be of 
help in an appraisal of his over-all results. 
It might explain why such excellent results 
were obtained in 62 to 74 per cent of the cases 
which may have been infectious in_ their 
origin, and why recurrences developed in 26 
to 38 per cent in which allergy may have been 
the cause. 

Dr. Simonton does not mention the use of 
allergic treatment in any of his cases. Per- 
haps some of them would have responded to 
allergic treatment alone; I have seen this hap- 
pen. Hitherto it has been taught that radical 
sinus surgery is contraindicated for the re- 
moval of allergic polyps, unless the case is 
complicated by chronic infection. In this 
mixed type of case the best results are ob- 
tained, | believe, by supplementing necessary 
surgical measures by adequate allergic treat- 
ment started before surgery is performed and 
continued postoperatively. 


In general | feel that the type of treat- 
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ment to be used in nasa! polyposis depends 
largely upon the proper etiologic classifica- 
tion of the polyp, ie., whether it is caused by 
allergy or by infection. I believe that the 
cause of a polyp can be established by biopsy. 
Dr. Simonton says (quoting from Taillens), 
“Tissue eosinophilia is not a constant finding 
and is of little clinical significance.” I cannot 
subscribe wholeheartedly to this view. There 
is a marked difference between the allergic 
polyp and the infectious polyp. Differentia- 
tion between these two distinctive types can 
be made by biopsy. The infectious polyp will 
show a preponderance of neutrophils, but the 
allergic polyp is readily identified by the 
presence of edema, a preponderance of eosin- 
ophils, and hyalinization of the basement 
membrane. I feel that this differentiation 
must be made before the proper type of treat- 
ment can be determined, whether it be surgi- 
cal, medical, or combined. 


Any information which will shed more 
light upon the management of the troublesome 
problem of nasal polyposis should be very 
welcome to all of us. Dr. Simonton has add- 
ed a distinct contribution to the subject and 
we are indebted to him for giving us the 
benefit of his work and experience in this 
field. 
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FREE SKIN GRAFTS AND PEDICLE FLAPS 
IN THE REPAIR OF NASAL DEFECTS 


DELMAR F. WEAvER, M.D. 
DETROIT, MICHIGAN 


THE purpose of this paper is to con- 
sider the handling of patients who have 
defects of the external nose requiring 
free skin grafts or pedicle flaps in their 
reconstruction. 


Such defects result from a variety of 
causes. Although inflammatory diseases 
may produce this type of defect, the 
majority of them today are the result of 
accidental injury, acts of violence, or 
treatment for malignant tumors. 


Many comprehensive articles on the’ 


subject by outstanding surgeons are 
available in the literature, and many 


creditable exhibits and demonstrations 
are seen from time to time. A brief re- 
view of the literature will be followed by 


reports of cases from the author’s per- 
sonal experience. One of the cases will 
be reported in some detail. According to 
Padgett,® a description was recorded in 
India centuries ago of the free transplan- 
tation of full-thickness skin from the 
gluteal region to the nose. 


In the first third of the nineteenth 
century Bunger of Marbury success- 
fully transplanted a free piece of whole 
skin from a woman’s thigh to her nose. 
In the middle third of the century J. 
Mason Warren of Boston became known 
for his work in this field. In the last 
third of the century interest in free 
grafts became general as a result of the 
work of Reverdin, Ollier, Thiersch, 
Wolf, Krause, and others. 


In 1929 Blair and Brown? described 
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the use of their special suction box and 
knife blade for obtaining split-thickness 
skin grafts. 

Between 1930 and 1937 Padgett, with 
the help of Hood, was developing the 
dermatome, which more or less revolu- 
tionized the use of free skin grafts. 
More recently the electric dermatome 
has gained popularity with a number of 
surgeons. 


According to New and Erich,’ the 
earliest known descriptions of pedicle 
flaps were in the Egyptian papyri from 
3000 to 2500 B.c. In 1000 B.c. the Hindu 
Susruta made a similar report. 

In 1597 Tagliacozzi’s book De Cortu- 
tum Chirurgia was published. In it he 
described the delayed arm flap for nasal 
reconstruction. 


In October 1794 Gentlemen's Maga- 
zine, an English lay journal, contained a 
detailed description of the ancient Indian 
operation for reconstruction of the nose 
with a pedicle flap from the forehead. 
The patient had been a bullock driver 
with the English army in 1792, and his 
nose and one of his hands had been cut 
off following his capture. 


No further significant development 
seems to have taken place in this field 
until the twentieth century. 


While long pedicle flaps tend to tube 
themselves, the first report to the medical 
profession describing this as a surgical 
technique seems to have been made by 
Filatow of Odessa in 1916.! However, 
Sir Howard Gillies of London was 
chiefly responsible for its widespread 
popularity which developed soon after- 
wards. 
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The position of the nose has forever 
exposed it to accidental injury and acts 
of violence. The practice of mutilating 
the nose as a means of punishment as 
well as for ceremonial purposes has been 
carried out in many parts of the world 
for an extremely long time. According 
to Humfreville,t while the Apache In- 
dians of the southwest United States 
were polygamous, they were very rigor- 
ous in regard to the fidelity of their 
wives. Any infraction of this code was 
punishable by shaving off the nose of 
the offending woman close to the face. 


Nasal deformity has also resulted 
from a number of inflammatory dis- 
eases. 


It appears that there has been a sig- 
nificant need for reconstructive surgery 
of the nose since long before recorded 
history, and one wonders how long these 
needs may have been met in some degree. 

The choice of a graft with which to 
reconstruct any particular defect de- 
pends on many complex factors. Conse- 
quently, competent surgeons do not al- 
ways agree except on general principles. 

In the opinion of the author it is 
usually advisable to use a method that 
promises to result in the best appearing 
nose with a minimum of exposed scar- 
ring from the donor area. The use of 
unnecessary Operative procedures is not 
wise. However, the advantage of having 
the best final result usually justifies the 
additional procedures when the method 
requires them. 

A free skin graft can be used when 
there is no significant loss of lining of 
the nasal cavity. 

A thick split skin graft is probably the 
best in most cases. Since the graft is 
relatively small, the chance of a take is 
good. There is no advantage and some 
disadvantage in using a very thin graft, 
and it is usually not necessary to use a 
full-thickness graft. However, occasion- 
ally when the defect is deep a full-thick- 


ness graft may be better, and if it 1s 
deep enough, a pedicle flap may be 
justified. 

The graft tay be taken from the 
postauricular region, upper arm ofr 
thigh. Interrupted silk sutures are left 
long and tied over fluffed gauze for firm 
even pressure for a period of eight to 
ten days. Some surgeons dress these 
wounds as early as the fifth day. 

The selection of a flap is more complhi- 
cated, since there is a much wider choice 
and the matter of lining has to be taken 
into consideration. 


lf the defect is small enough, the mar- 
gin can often be turned in for lining. 
When the ala is involved, the graft may 
be turned upon itself for the lining if 
the defect is not too large. In larger de- 
fects the pedicle graft must be lined with 
a split-thickness free graft ten days or 
two weeks before it is transferred. 


Flaps from the cheek leave some ad- 
ditional scarring and should be used only 
when this is acceptable. The same is 
true of forehead flaps, especially in bald 
men. Women may be able to dress the 
hair so that the scars are covered. 

The sickle shaped flap described by 
New® is very useful in people with 
plenty of hair, for most of the flap is 
raised from back of the hair line and 
only the part that is actually used comes 
from the exposed forehead. 

The delayed arm flap is not popular 
because of the poor color match and 
the uncomfortable position that must be 
maintained. 

The color match is usually best with 
grafts from near by. 

Whenever part of the blood supply to 
a skin flap is interrupted the remaining 
supply is stimulated to increase. This 
principle, known as delaying, was used 
by Tagliacozzi. It is useful when it is 
necessary to increase the nourishment 
passing through the pedicle to a relative- 
ly large flap. This is brought about by 
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incision and resuturing in the original 
location of parts of the flap. This is done 
in stages from one to three or more 
weeks apart. 

The smaller pedicle flaps that have a 
rich blood supply, as in the supraorbital 
region, can often be transferred without 
delay unless a free graft is required for 
a lining. The larger flaps with the pedicle 
in the preauricular region, for instance, 
usually require delay. 

When skin from an unexposed area, 
such as the clavicular region, is to be 
used, the flap is usually tubed when it is 


FIG. 1—Case 1. (A) Actinodermatitis with basal cell epithelioma. (B) Appearance three years later. 


first clevated, a pedicle being left at each 
end. This reduces the exposed raw sur- 
face to a minimum. The length of the 
flap should not be more than three times 
its width so that the blood supply will be 
adequate throughout. Six to ten weeks 
later one end of the flap is cut across in 
two stages and attached high on the neck. 
This step is necessary so that the other 
end will reach the nose. 

About two weeks later the donor end 
is cut half across. In another ten days 
or two weeks it is transferred to the re- 
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gion of the nose. If a lining 1s necessary, 
a free split-thickness graft can be ap- 
plied when the donor end is first cut 
half across. At least three weeks is re- 
quired for the blood supply through the 
attachment to become sufficient so that 
the tube can be excised in stages ten 
days or two weeks apart and discarded. 

The following cases illustrate most 
of the above points. 


CASE REPORTS 


Case 
This 49-year-old man had been treated in- 
termittently for eight vears with roentgen rays 
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and radium. The original lesion had been a 
small pimple on his nose (fig. 1A). On Janu- 
ary 18, 1954, this entire area of actinoderma- 
titis was excised. Frozen section proved the 
presence of basal cell epithelioma, but since 
the margin and depth appeared adequate mi- 
croscopically, a free split-thickness graft from 
the upper arm was applied. Three years later 
there was no evidence of recurrence (fig. 


1,B). 


Case 2 [Slide] 

This woman had had a persistent ulcera- 
tive lesion on the dorsum of the nose which 
was excised and covered by a simple rotation 
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flap from the nasolabial fold and dorsum of 
the nose after frozen sections revealed no evi- 
dence of carcinoma. 


Case 3 [Slide] 

This man was referred for plastic repair 
after having had irradiation and electrocoagu- 
lation for carcinoma of the nose. The se- 
questrum of bone was removed and the de- 
fect covered with a pedicle flap from the fore- 
head. This defect could have been covered 
with a free graft but there would have been 
a resulting depression. A midline forehead 
flap could have been used here. Small fore- 
head defects can be closed without a graft. 


Nasal defect due to human bite. 


FIG. 3 


Case 5. 
flap attached to the nose at site of defect. 
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Case 4. [Slide] 
Defect resulting from removal of basal 
cell carcinoma involving skin of the nose, 


nasal septum and nasal cartilages. Ten months 
later it was covered with a lined sickle-shaped 
pedicle flap from the forehead and _ scalp. 
There has been no recurrence in nine years.9 


Case 5 

This man was in a fight and was getting 
the better of it until the loser bit part of his 
nose off (fig. 2). Because of the likelihood of 
keloid formation it was thought unwise to 
repair the defect with tissue from an exposed 
Consequently, a flap was tubed in the 


area 


FIG. 4—Case 5. 


Final result of grafting procedure. 


(A) Tubed clavicular flap. (B) Upper end of flap attached high on neck. (C) Donor end of 
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left clavicular was 


(fig. 3A). It 
brought up in stages (fig. 3, B and C). The 
dark appearance of the graft is due to in- 
crease of pigment (fig. 4). This is a common 
occurrence when pedicle grafts are applied to 
the noses of colored people. The increase in 
blood supply is no doubt a factor. 


region 


Case 6 | Slide | 

This man had had irradiation of the left 
nasal alar region for squamous cell carcinoma, 
grade 2. Extensive electrocoagulation was 
necessary to treat a recurrence. Several pre- 
cancerous lesions and one other squamous cell 
carcinoma were removed from the face. This 
eliminated the cheeks as donor areas, and 
since the patient was bald, it was decided to 
use a clavicular tube flap. Difficulty with the 
flap necessitated an intermediate stage during 
which it was attached to the cheek, but the 
reconstruction was completed. 


Case 7 
In the summer of 1943, while teaching 
swimming, this woman developed a_ small 


blister on the dorsum of her nose from sun- 
burn. The lesion remained, and in 1945 her 
doctor made a diagnosis of discoid lupus 
erythematosus. Bismuth therapy was begun. 
She was under treatment and regular obser- 
vation for several years. 


In 1948, following an automobile accident, 
she developed a subdural hematoma. Several 
trephine openings were made in the skull in 
the course of treatment which followed. Later 


FIG. 6 


Case 7. (A) Defect following electrocoagulation of tumor of nose, tubed clavicular flap. (B) 
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FIG. 5—Case 7. 
ton into nasal cavity. 


Basal cell carcinoma with perfora- 


in 1948 she was put on cortisone therapy 
(4 tablets a day), and this was continued un- 
til 1951, at which time Atabrine was pre- 


scribed. 


In 1954 the patient’s dentist questioned the 
original diagnosis and urged consultation. A 
biopsy by Dr. C. E. Reyner revealed mixed 
basal and squamous cell carcinoma. 

The patient was referred to me, and I 
found that she already had a_ perforation 
through the dorsum of the nose into the nasal 
cavity (fig. 5). 


Upper 


end attached hich on neck and donor end lined with free skin graft. (C) L ned donor end attached at site 


ef defect. 
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In January 1957 the tumor was removed 
with the diathermy knife and the defect elec- 
trocoagulated. At the same time a tumor was 
removed from the right forearm. This also 
proved to be mixed basal and squamous cell 
carcinoma. It was thought that this tumor 
probably resulted from contact of the arm 
and nose during sleep. 

It seemed undesirable to scar the cheeks or 
forehead in making the repair, and scarring 
from the trephines ruled out a sickle-shaped 
flap. Consequently, in November 1955, ten 


months after destruction of the tumor, repair 
of the defect was started by use of a tubed 
pedicle flap from the right clavicular region 
(fig. 6,A). 


Case 7. Final result of grafting procedure. 


Ten weeks later, the upper end of the tube 
was cut half across and resutured. In another 
two weeks it was cut completely across and 
attached to the upper neck. About two weeks 
later the lower end of the flap was lined with 
a split skin graft from the abdomen (fig. 6,B). 

After two partial excisions with an interval 
of two weeks between them, the nasal defect 
was freshened and the lined graft attached 
to it (fig. 6,C). 

On April 17, twenty-eight days later, the 
tube was partially excised close to the detect. 
On April 26, nine days later, it was complete- 
ly excised and discarded. The skin of the nose 
was sutured to the free skin edge of the flap. 
No further shaping up has been necessary. 
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The photograph shows the appearance of 
the graft in August 1956, four months later 
(fig. 7). 
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DISCUSSION 

JoHn B. Ericu, M.D., Rochester, Minne- 
sota: Dr. Weaver has given us a well-organ- 
ized outline of skin grafts needed for the 
repair of various defects of the nose. I wish 
to emphasize the fact that free skin grafts, 
that is, shave (Thiersch, split-thickness) and 
full-thickness (Wolfe, dissected) grafts have 
a limited degree of usefulness in nasal sur- 
gical repair because they can be employed 
only on superficial surface defects. Such free 
skin transplants cannot be expected to heal 
properly in tissues in which the blood supply 
is inadequate because of previous irradiation 
or excessive scarring, and cannot be em- 
ployed over a hole or perforation which has 
no blood supply at all. 


If a superficial loss of skin on the nose is 
not too large, a full-thickness skin graft dis- 
sected from the posterior auricular region is 
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highly desirable because of its color, texture 
and thinness. However, when the surface 
defect is large or involves the whole nose, 
sufficient skin cannot be obtained from be- 
hind the ear. Under these circumstances, one 
is forced to use a shaved skin graft or a full- 
thickness graft from the neck, trunk, or 
limbs. The only full-thickness graft obtained 
from these regions which has a satisfactory 
color is one taken from the supraclavicular 
region. However, any full-thickness graft ob- 
tained from the neck, trunk or limbs is likely 
to be too thick and is inclined to slough when 
placed over the nose. Notwithstanding the 
fact that shaved or split-thickness skin grafts 
often are too white or may become pigmented, 
I prefer them to full-thickness grafts from 
the neck, trunk or limbs because the former 
are thin and usually heal very satisfactorily. 


The majority of nasal defects require a 
pedicle flap of skin for repair, the flap hav- 
ing its own blood supply through the pedicle. 
In the repair of any defect on the nose, one 
always should consider using one of three 
types of pedicle flaps: (1) contiguous flaps, 
which are elevated immediately adjacent to 
the nasal defect; (2) neighboring flaps, which 
for nasal surgery are elevated on the forehead 


or along the nasolabial fold; and (3) distant. 


flaps, which when used for nasal repair are 
tubed pedicle grafts elevated over the clavicle 
or on the anterior chest wall. 


In area and outline there are no standards 
for contiguous flaps; they vary in accord 
with the shapes and locations of the nasal 
defects. For a small loss of tissue on the nose, 
contiguous flaps offer the quickest method of 
repair. Moreover, their color and texture are 
the same as those of the rest of the nose, 
since they are derived from the tissues adja- 
cent to the defect. However, contiguous flaps 
have a limited degree of usefulness, since they 
can be employed only for small perforations 
or losses of skin and can be elevated only in 
tissues which are not changed by irradiation 
and which are not excessively scarred. 


Unless the skin over the frontal region is 
scarred, the use of a neighboring flap on the 
forehead is always to be considered for re- 
pair of defects too large to be corrected by 
contiguous flaps. Forehead flaps require less 
time in preparation, are less difficult to pre- 
pare and are less likely to slough than any 
of the distant tubed flaps on the chest. More- 
over, forehead flaps give excellent cosmetic 
results in that the color and texture of the 
skin are similar to the dermal covering of 
the nose. They do have one distinct disad- 
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vantage: they leave conspicuous scarring at 
the donor site on the forehead—a fault which 
has brought me to the point of almost discon- 
tinuing their use. 


The neighboring flaps on the forehead 
which I use in repairing the nose are of 
three types: a_ sickle-shaped temporal flap 
with a pedicle in the preauricular region, a 
vertical forehead flap which can be elevated 
from along the midline or over one brow, and 
a loop-shaped supraorbital flap with a pedicle 
over one brow. 

A sickle-shaped temporal flap may be used 
effectively in reconstructing partial defects of 
the nose and leaves less residual scarring than 
any of the other forehead flaps. However, a 
sickle flap never provides enough tissue for 
total nasal repair or for reconstruction of 
the lower half of the nose. 


A vertical flap on the forehead, whether 
elevated from the center of the forehead or 
from over one brow, offers the most rapid 
means of correcting certain types of nasal 
defects. But unless the patient is bald, such 
a flap is of limited length and consequently is 
usable only for defects of the upper halt of 
the nose. Furthermore, it frequently leaves 
conspicuous scars on the forehead, and | do 
not recommend it except for indiyiduals who 
want their nasal defect repaired as quickly 
as possible and are not concerned with such 
scars. 


For total nasal reconstruction, a_ loop- 
shaped forehead flap is excellent because the 


_color, texture and thickness of the skin over 


the forehead are perfectly adapted for build- 
ing an entire nose. However, such a flap 
leaves a great deal of conspicuous scarring 
at the donor site on the forehead, and I have 
been inclined in recent years to use a distant 
flap elevated and tubed over the clavicular 
region or on the anterior chest wall. 


I have found that an excellent nasal re- 
construction can be achieved with a clavicu- 
lar tube flap or the upper end of a chest tube 
flap which has good color and texture. The 
great advantage of either a clavicular or a 
chest tube flap lies in the fact that the scarring 
at the donor site is not visible when the pa- 
tient is clothed. The only real disadvantage 
of a tube flap is that a longer period is re- 
quired to complete the nasal reconstruction 
than is necessary with a forehead flap. Con- 
sequently, only for patients who are not con- 
cerned with a scarred forehead and who want 
the reconstruction done as quickly as possible 
do I use a forehead flap. Otherwise, at pres- 
ent | prefer a clavicular or chest tube flap. 
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AN INVESTIGATION OF THE LONG-TERM EFFECTS 
OF FENESTRATION SURGERY ON AUDITORY 
NERVE DEGENERATION 


ALAN S. FELDMAN, PH.D. 
‘ON, 


BOSTO 


LASSACH USETTS 


BY INVITATION 


Tue following presentation is a por- 
tion of a broader investigation of oto- 
sclerosis and some auditory effects of 
fenestration surgery.* The subject to be 
discussed below comes from that por- 
tion of the total investigation which was 
designed to answer the question: What 
is the effect of fenestration surgery 
upon progressive nerve degeneration ¢ 


Woods'® and Juers’ observed im- 
provement in the bone conduction 
thresholds of the ear on which the oper- 
ation was done. This observation was 
repeated in studies by McConnell® and 
Henner,? who suggested improvement 
at least at 1,000 to 4,000 cycles and up 
to three months postoperatively. At the 
Same time, statements in the literature 
implied that fenestration surgery had an 
effect upon cochlear functioning by 
means of a retardation of the progres- 
sion of secondary nerve degenera- 
tion,':+5:8 and as recently as 1955, Sham- 
baugh® stated that “‘this unexpected (and 
still questionable) beneht of the opera- 
tion needs to be confirmed or disproved 
by future long-term studies.” The pres- 
ent investigation was designed to eval- 
uate these two problems. statistically 
over a longer period of time than had 
previously been reported. 


*Feldman, A. S.: An Investigation of Several Audi- 
tory Effects of the Fenestration Operation for Oto- 
sclerosis. Unpublished doctoral dissertation, 
cuse University, 1956. 

Presented at the Special Program of the Otosclerosis 
Study Group and the Committee on Conservation of 
Hearing of the American Academy of Ophthalmology 
and Otolaryngology, Oct. 13, 1957, Chicago. 
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SUBJECTS AND PROCEDURES 


The experimental group of subjects 
was composed of 99 patients who had 
undergone a unilateral fenestration oper- 
ation at least five years prior to the cur- 
rent investigation. The mean duration 
of time lapse between the operation and 
test was 7.44 years and ranged from five 
to twelve years. There were 28 males and 
71 females, and the over-all mean age 
was 41.15 years. The control for each 
subject was the contralateral, nonfenes- 
trated ear. Subjects were serially select- 
ed as they returned to the Winthrop 
Foundation for their postoperative visits. 


lor each subject, threshold measures 
of pure tone air conduction, bone con- 
duction, and speech reception were ob- 
tained, as were discrimination scores. 
The records of all subjects contained 
similar preoperative measures and, with 
the exception of the speech tests, which 
were not comparable, these measures 
were used as a basis of comparison of 
fenestrated and nonfenestrated ears pre- 
operatively to postoperatively. Testing 
routine was rigorously adhered to in 
terms of order of tests and masking. 


DISCUSSION OF RESULTS 


The subjects were classified according 
to the results of surgical operation, and 
all analysis was based upon intergroup 
differences as well as differences between 
the ears that had been operated upon and 
those which had not. Classification of 
the subjects was in terms of the tradi- 
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TABLE | 


CLASSIFICATION OF SUBJECTS ON THE Basis or THEIR Postoperative HEARING STATUS: 


SHOWING NuMBER (N), PERCENTAGE, MEAN AGE, AND Ace RANGE ror Eacu Group 


CLASSIFICATION N 


AGE RANGE 


PERCENTAGE MEAN AGE 


Successful 


Improved 


Failure 


Total 


tional successful, improved, and fa:lure 
categories used in the literature.’ Table 
I is a summary of the postoperative 
groupings. The successful group consti- 
tuted 52.5 per cent of the total, while the 
improved group comprised 21.2 per cent 
and 26.3 per cent were classed as fail- 
ures. Ages were fairly constant for each 


group. 


The changes in air conduction for 
each group are depicted in figure 1. As 
might be anticipated, the successful 
group gained 23.79 decibels, while the 


—— Fenestrated ear 


---- Nonfenestrated ear 


-2.14 -3. 0§ 
od 


-5.27 


Successful Improved Failure 


FIG. i—The relative preoperative decibel change 
minus the postoperative decibel change for each cate- 
gory for air conduction. 


failure group continued to add to its 
preoperative loss, dropping 3.00 decibels 
from its preoperative level. The im- 
proved group had a gain of 17.14 deci- 
bels, a surgical success but insufficient 
for practical hearing. Thus, the ear for 
which the operation is considered a fail- 
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FIG. 2—Mean bone conduction thresholds, preopera- 
tively and postoperatively for (A) fenestrated ear and 
(B) nonfenestrated ear. 
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FIG. 3——Mean bone conduction thresh 
ategory fenestrated ear, (B) 
ear, (D) category 
ind (F) failure category nonfenestrated ear. 


Successtui 


ure resembles the unoperated ears of all 
groups in its progression. There is no 
Statistical evidence of improvement in 
the air conduction of the unfenestrated 
ear ; 1t continues to drop postoperatively. 


The bone conduction findings were 
Statistically analyzed from two depar- 
tures. The first was a direct comparison 
of the mean bone conduction thresholds 
for each ear preoperatively to postopera- 
tively (fig. 2). In each instance the bone 
conduction postoperatively shows mean 
values that are better than the preopera- 
tive thresholds, though thresholds for 
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the fenestrated ears are better by a larg- 
er amount. The data could scarcely be 
interpreted as indicative of any progres- 
sion of hearing loss in the ear not sur- 
gically treated. Statistical analysis, as 
well as visual inspection, confirms this 
observation. The major source of 
changes in threshold may be observed 
by a breakdown of the data into thresh- 
olds according to the effectiveness of 
surgical procedures (fig. 3). A compar- 
ison is made between the preoperative 
and postoperative states of each ear. 
The major difference is clearly noted 
in the fenestrated ear in successful 
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PREOPERATIVE AND PosTorpERATIVE MEAN Bone ConpuUCTION THRESHOLDS FOR EACH EAR AT 
250, 500, 1,000, 2,000, 3,000, anv 4,000 Cycies ror SuccessFUL, IMPROVED, AND 
FaILuk RE » Grou PINGS WITH THE e NUMBER OF SUBJECTS IN EACH CATEGORY FoR E ACH FREQUENCY 


OPERATED EAR | UNOPERATED EAR 
FRE- | | | 

QUENCY suc- | IM- | FAIL- suc- | IM- FAIL- 

(CYCLES)| CESSFUL | PROVED URE TOTAL || CESSFUL | PROVED URE TOTAL 
>; 250 10.68 11.38 | 11.73 11.11 1034 | 9.72 12.82 10.88 
= 500 | 12.35 13.25 | 12.88 12.68 || 1284 | 13.75 13.46 13.09 
- | 1,000 | 18.26 18.33 | 17.69 18.13 18.46 18.33 17.50 18.18 
=| 2000 | 25.78 | 2809 | 2538 | 2617 || 25.09 | 2619 | 2538 | 25.40 
e 3,000 31.73 35.83 33.50 | 33.22 30.43 | 33.33 30.50 31.22 
& | 4000 | 33.33 36.31 31.52 | 33.50 3244 | 36.57 29.38 32.64 
Si 250 3.18 7.50 10.21 | 6.00 113 | 2.50 6.52 2.88 
Si 33) | 48 | 129 1442 | 886 | 4.21 | 9.50 11.92 7.37 
»| 1000 | 423 | 1261 | 17.30 | 9.44 13.65 15.71 | 15.00 14.44 
S| 2,000 | 11.37 19.04 20.19 15.35 19.80 23.57 | 18.27 20.20 
%| 3000 | 1391 | 3458 | 2950 | 22.88 | 23.69 | 36.66 | 2650 | 27.77 
a» 4000 | 1255 | 3447 31.350 | 3229 || 1744 | 27.3% 23.26 21.14 


NUMBER OF SUBJECTS 


FREQUENCY | 
(CYCLES ) | SUCCESSFUL | IMPROVED | FAILURE | TOTAL 

100 | 32 21 26 99 
2,000 51 21 26 98 
3,000 23 12 10 45 
4000 | 45 19 23 87 


cases, although some improvement is to we observe is statistically significant im- 
be observed in all instances at 250 cy- provement in bone conduction for suc- 
cles, and frequently at 500 cycles. cessfully fenestrated ears (table IT). 


Statistical analysis of the changes in In no instance do postoperative thresh- 
mean decibel differences reveals signifi- olds by bone conduction exceed the 
cant F scores at 250 (F=7.04**), 500 values of the preoperative thresholds by 
(F = 3.88*), 1,000 (F=22.94***), more than 3 decibels. These data would 
2,000 (F=17.00***), and 3,000 cycles fail to support the contention that even 
(F =7.14**). Thus, at none of these fre-  ™ nonfenestrated ears there is a pro- 
quencies would the changes be consid- gressive degeneration of the nerve which 
ered due to chance, according to rigor- may be observed after a mean duration 
ous levels of statistical probability. Fur- of 7.44 years, the eg Curation ne 
between measurements in this study. The 
th P diff . distinct difference between preoperative 
threshold are due to improvement in the =f cases and subsequent postoperative 
successful category (fig. 3) were also 


pes thresholds as compared to minimal dif- 
statistically confirmed. Thus, rather than ference observed in all other categories 


statistically significant progression of strongly reinforces the findings of other 
hearing loss in nonfenestrated ears, what workers? that there is a bone conduc- 
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-~--- POSTOPERATIVE 


PREOPERATIVE 


DECIBELS 


250 500 1000 2000 3000 4000 


FREQUENCY 


FIG. 4—All categories: the differences between 
fenestrated and nonfenestrated ears preoperatively 
and the differences between fenestrated and non- 
fenestrated ears postoperatively at 250, 500, 1,000, 
2,000, 3,000, and 4,000 cycles, bone conduction. 


tion threshold improvement following 
fenestration. One might speculate that 
differences which have previously been 
observed in bone conduction measure- 
ments between surgically treated and 
nonsurgically treated ears and which 
have been interpreted as an indication 
of progression in the ear not surgically 
treated might instead have been an indi- 
cation of the improvement in the surgi- 
cally treated ear. The lack of a poorer 
postoperative threshold in nonfenestrat- 
ed ears for the sample studied would 
lend support to the latter contention. 


Analysis of the data by means of com- 
paring the difference between the fen- 
estrated and the nonfenestrated ears 
postoperatively reinforces this position 
(fig. 4). A difference in the negative 
direction would imply a greater. loss in 
the ear not surgically treated whereas a 
positive value would imply a greater loss 
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in the ear which had been operated upon. 
Figures 5, 6, and 7 present the success- 
ful, improved and failure categories re- 
spectively. The marked differences which 
are implied by the examination of these 
figures are verified by statistical analysis 
of the data. 


At 250 cycles the F value of 7.04 for 
preoperative mean differences and post- 
operative mean differences is signi- 
ficant at the .01 level of confidence. The 
values for the preoperative differences of 
0.34 decibels, 1.67 decibels, and —1.09 
decibels, and an over-all mean difference 
preoperatively of 0.24 decibels are com- 
pared with a postoperative difference of 
2.05, 5.00, and 3.70 decibels in the suc- 
cessful, improved, and failure categories 
respectively, and an over-all decibel dif- 
ference postoperatively of 3.12. The 
major source of this difference lies in 
the improved and failure categories, 


PREOPERATIVE 


POSTOPERATIVE 


DECIBELS 


250 500 1000 2000 3000 4000 


FREQUENCY 


FIG. 5—Successful category: the differences between 
fenestrated and nonfenestrated ears preoperatively 
and the differences between fenestrated and non- 
fenestrated ears postoperatively at 250, 500, 1,000, 
2,000, 3,000, and 4,000 cycles, bone conduction. 
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PREOPERATIVE 
POSTOPERATIVE 


DECIBELS 


250 SOO 1000 2000 3000 4000 


FREQUENCY 


FIG. 6—Improved category: the differences between 
fenestrated and mnonfenestrated ears preoperatively 
and the differences between fenestrated and non- 
fenestrated ears postoperatively at 250, 500, 1,000, 
2,000, 3,000 and 4,000 cycles, bone conduction. 


whereas the difference for a successful 
category is only 1.71 decibels. Despite 
this, the analysis of variance between 
groups reveals an F of 1.52, which ts not 
significant. Table III is a summary of 
the mean differences preoperatively and 
the mean differences postoperatively at 
each frequency for all groups, and the 
analysis of variance. Very similar re- 
sults were obtained at 500 cycles, where 
the preoperative mean differences were 
—0.49, —0.50, and —0.58 in successful, im- 
proved, and failure categories respec- 
tively, with an over-all mean of 1.49 dec- 
ibels. The difference is smaller than it 
was at 250 cycles, and analysis of vari- 
ance between preoperative and post- 
operative data yields an F of 3.88, which 
only approaches the 0.05 level of signi- 
ficance. Again the F’s for group and in- 
teraction are not significant. 


These significant and near significant 


FIG. 7—Failure category: the 
fenestrated and nonfenestrated ears preoperatively 
and the differences between fenestrated and non- 
fenestrated ears postoperatively at 250, 500, 1,000, 
2,000, 3,000, and 4,000 cycles, bone conduction 


differences ween 


variations at 250 and 500 cycles are dift- 
cult to account for. At 250 cycles, the 
data suggest that for successfully fenes- 
trated ears there is some improvement, 
although there is also some indication 
that the differences are due to poorer 
hearing in failure cases. It has been sug- 
gested that these observed differences 
are due to some inherent difficulties in 
masking, while for the failure categories 
it might be related to postsurgical laby- 
rinthitis. 

At 1,000 cycles the marked change in 
the picture becomes evident. The ob- 
tained values for the preoperative mean 
differences in the successful, improved, 
and failure categories are —0.19, 0.00, 
and 0.19 decibels respectively, with an 
over-all mean difference of —0.05 dec- 
ibels. This is opposed to the distinct dif- 
ferences postoperatively of —9.42, —3.10, 
and 2.31 decibels in the successful, im- 
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proved, and failure categories respec- 
tively, with an over-all mean difference 
of —5.00 decibels. Analysis of the pre- 
operative versus postoperative mean dif- 
ferences yields an F score of 22.94, 
which is significant at the 0.001 level of 
confidence. In addition, the F of 8.45 
between the groups is significant at the 
0.001 level of confidence, as is the F of 
10.98 of the interaction between the 
groups, and preoperative and postopera- 
tive differences. 


For the data at 1,000 cycles there is 
a significantly greater hearing loss in the 
nonfenestrated ear for the successful 
cases, with the improved group about 
midway between the former and _ the 
failure group. This difference, which 
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changes from group to group, 1s con- 
sistent with the previous findings of the 
mean threshold values preoperatively 
and postoperatively, where major dif- 
ferences were observed in the postopera- 
tive thresholds of successful cases. 


Similar results were obtained for the 
2,000 cycles data. In the successful, im- 
proved, and failure categories, the mean 
differences of 0.69, 1.90, and 0.00 deci- 
bels, with an over-all mean difference of 
0.77 decibels, were obtained preopera- 
tively. The respective values for the post- 
operative differences are —8.43, —4.52, 
1.92, and -4.85 decibels respectively. 
These were found to be significant at the 
0.001 level of confidence, with an F of 
17.00. In addition, the difference be- 


Tasrie 


MEAN PREOPERATIVE, POSTOPERATIVE AND COMBINED DIFFERENCES FOR ALL CATEGORIES AT 


250. 500, 1,000, 2.000, 3,000, ANp 4,000 Cycies AND RESULTS oF ANA 


| MEANS 


| PREOP- | POSTOP- 


LYSIS OF VARIANCE 


ANALYSIS OF VARIANCE 


FRE- | | COM- | _ 
QUENCY | CATEGORY | N [ERATIVE | ERATIVE | BINED | F pRE-POST FGROUPS Fe 

Successful} 44 | 0.34| 205] 1.19| 7.04** 1.52 <1.00 
rE) ‘Improved | 18 | 1.67 5.00 3.33 | 

Failure —1.99 3.70; 1.30) 

Total | 8&5 0.24 3.12; 1.68) 
Successful} 51 | —049/| 0.39 | —0.05/| 3.88 <1.00 <1.00 
‘Improved | 20 | —0.50 3.00; 1.25 F.05=—3.94) 
Failure | 26 | 0.96 
Total | 97 —0.52 149) 049 | | 
| Successful 52 | —0.19 | —9.42 | —4.81 | 22.94% 8.45*** | 10.98*** 
_. |Improved | 21 0.00 —3.10 | —1.55 
1,000 Failure | 26 019) 231} 1.25) 
| Total | 99 H.05 | —5.00 | —2.53 
‘Successiu'| 51 0.69 | —8.43 | —3.87 | 17.00*** 5.98** 5.83** 
> 000 Improved 21 1.90 | —4.52 | —1.3] 
o Failure | 26 0.00 1.92 0.96 | 
Total 98 0.77 | —4.85 | —2.04 
Success iu 23 1.30 | —9.78 | —4.24)| 7.14* 2.37 1.58 
Improved 12 250 —2.08 0.42 | ( F.01=7.27) 
5.00) | Failure 10 300 3.00 3.00 
Total 45 200 | —489 | —1.44 | 
|Successfu'| 45 029 —489 —200! <1.00 3.50" 4.22" 
4000 Improve! 19 —().26 7.11 3.42 ( F.O1—=4.92) 
Failure 23 1.74 8.04 4.89 
Total 87 0.86 1.15 1.01 


F0,05=* ; FO.01—**; F0.001—***. 
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Mean Dirrerences (D), NumBer (N), STANDARD Error oF THE DIFFERENCES (@). 
Decrees oF Freepom (df), AND t VALUES FOR THE SUCCESSFUL, IMPROVED, AND 


Farcure Carecorres At 500, 1,000, 2,000, anp 4,000 CycLes 


FREQUENCY | CATEGORY | N 


‘Successful 
Improved 
Failure 


| 


‘Successtul 
Improved 
|Failure 


| | 


‘Successful 
iImproved 
Failure 


See 


Successt ul 
Improved 
‘Failure 


4,000 


001 


05 


tween groups is significant at the 0.01 
level of confidence with an F of 5.98, 
as is the interaction F of 5.83. 


The same tendency is observed at 
3,000 cycles, where the F of 7.14 be- 
tween differences is significant at the 
0.05 level of confidence and approaches 
the 0.01 level of 7.27. For 3,000 cycles 
the preoperative mean differences are 
1.30, 2.50, and 3.00 decibels in the suc- 
cessful, improved, and failure groups, 
with an over-all preoperative mean dif- 
ference of 2.00 decibels. The postopera- 
tive means for the same categories are 
~9.78, -2.08, 3.00 and -4.89 decibels. 
Analysis of variance between groups and 
interaction is not significant. Th's lack 
of significance may be due to the consid- 
erab'y fewer subjects for whom the data 
were available at 3,000 cycles. 


The mean differences were not as large 
at 4,000 cycles as for the lower frequen- 
cies, the means preoperatively being 
0.89, —0.26, 1.74, and 0.86 in the success- 
ful, improved, failure, and over-all cate- 
gories, and —4.89, 7.11, 8.04, and 1.15 
in the same categories postoperatively. 
There is some implication in the data of 
greater losses in the fenestrated ears of 


both improved and failure groups post- 
operatively. This is the manifestation of 
indications of the air conduction data in 
another aspect of the study, which sug- 
gested possible surgical damage at 4,000 
and 8,000 cycles in these groups. The 
analysis of variance between preopera- 
tive differences and postoperative differ- 
ences results in an F of less than 1. The 
F of 3.59 between groups is significant 
at the 0.05 level of confidence, as was the 
interaction I* of 4.82, again implying 
that preoperative differences to post- 
operative differences change significantly 
from group to group. 


In addition to the analysis of variance, 
it was felt that it would be possible to in- 
vestigate the differences preoperatively 
and postoperatively by investigating the 
null hypothesis that the mean difference 
equals zero. This analysis was carried 
out for the frequencies 500, 1,000, 2,000, 
and 4,000 cycles. Table IV summarizes 
the data’ in reference to this question and 
shows the mean differences, standard 
error of the differences, and the ¢ scores. 


In the successful group at 500 cycles 
the mean difference of 0.88 decibels is 
not significant. At 1,000 cycles the mean 


df t is 
5 | 50 | <1.00 & 
500 | 20 | | 2.54 | 19 | 1.38 
1,000 21 2.17 20 | 1.43 
26 1.91 | 25 | 1.11 
51 2.08 | 50 4 3R*** 
2.000 | 21 2.89 | 20 2.22" q 
26 —1.92 25 < 1.00 
45 —5.78 244 44 2.37* 
23 6.30 4.40 | 1.43 
: 
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difference rises sharply to —9.23 decibels 
and the resultant ¢ of 6.23 is significant 
at the 0.001 level of confidence. Similar- 
ly, at 2,000 cycles, the t value of 4.38 
for the mean difference of —9.12 is sig- 
nificant at the 0.001 level of confidence, 
while at 4,000 cycles the mean difference 
of —5.78 results in a t of 2.37, which is 
significant at the 0.05 level of confidence. 


For the improved group the ¢ is not 
significant for a mean difference of 3.50 
at 500 cycles and —3.10 at 1,000 cycles, 
but at 2,000 cycles the mean difference 
of —6.43 results in a ¢ of 2.22, which 1s 
significant at the 0.05 level of confidence. 
The mean difference of 7.37 at 4,000 
cycles does not prove to be significant. 
The mean differences of 3.08, 2.12, and 
—1.92, and 6.30 decibels at 500 through 
4,000 cycles are not significant for the 
failure group. 


These data reinforce the impression 
that the differences observed in the suc- 


cessful group are highly significant and 
are the main contributors to the signifi- 
cant variation. The indication from the 


values obtained is either (1) that the 
thresholds of the ear not surgically treat- 
ed are considerably poorer postopera- 
tively and that subtracting this threshold 
from the theoretically constant threshold 
of the fenestrated ear gives the reason 
for the negative values, or (2) that the 
threshold of the nonfenestrated ear re- 
mains relatively constant and the nega- 
tive values arise as a result of improve- 
ment in thresholds in the surgically 
treated ear. 


The preoperative versus postoperative 
analysis would strengthen the latter posi- 
tion wherein it was observed that post- 
operative thresholds in successful cases 
are significantly better than preopera- 
tive thresholds in the ear to be fenestrat- 
ed (fig. 3). This improvement may be 
compared to values obtained in separate 
studies by Henner? and McConnell,® 
who observed improvement in the bone 
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conduction thresholds in fenestrated ears 
approximately three months after surgi- 
cal operation. At 500, 1,000, 2,000, and 
4,000 cycles, Henner found a mean im- 
provement of 2.5, 8.7, 8.2, and 7.5 dec- 
ibels respectively. For the same frequen- 
cies, McConnell observed improvement 
in the order of 2.5, 5.0, 8.0, and 5.0 dec- 
ibels. The successful category in this 
study had a mean improvement, as im- 
plied by preoperative differences minus 
postoperative differences of —0.88, 9.23, 
9.12, and 5.78 decibels for 500, 1,000, 
2,000, and 4,000 cycles respectively. The 
mean differences for the entire experi- 
mental group were —2.01, 4.95, 5.62, and 
—0.29 decibels, in the same order. The 
resemblance is quite high for the middle 
two frequencies. 


In the successful cases for the fre- 
quencies 1,000 through 4,000 cycles, 
there is clearly a much greater differ- 
ence between ears, and this difference 
appears to be the result of improved 
thresholds for bone conduction. The sub- 
jects classified as improved demonstrat- 
ed a similar improvement, but not to the 
degree experienced by the subjects in 
the category “successful.” An _ effect 
upon the failure group becomes evident 
at 4,000 cycles, but this effect is in the 
direction of impairment of 
threshold. 


greater 


SUMMARY 


Ninety-nine subjects who had under- 
gone a unilateral fenestration operation 
at least five years prior to their inclusion 
in this study were evaluated for changes 
in bone conduction. The subjects were 
considered as a group and were also 
categorized according to the effectiveness 
of the surgical operation. Differences 
between ears were observed to be on the 
basis of improved bone conduction post- 
operatively in the ears in which fenes- 
tration had been successful or in which 
hearing had been improved. There was 
no indication that there was a progres- 
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sive degeneration of the nerve either in 
ears not surgically treated or in ears in 
which the operation had failed, within 
the acknowledged limits of measure- 
ments of cochlear reserve by present 
bone conduction testing methods. The 
specific findings may be enumerated as 
follows : 


Air Conduction Findings 


1. There was no significant improve- 
ment in the air conduction thresholds of 
the ears not surgically treated; in fact, 
mean values were indicative of slightly 
increased hearing loss regardless of the 
effectiveness of surgical operation. 


2. The fenestrated ear, when the 
operation failed, resembled the unoperat- 
ed ear in all cases. 


Bone Conduction Findings 


1. There was a significant improve- 
ment in bone conduction thresholds above 
500 cycles in a successfully fenestrated 
ear for as long as five to ten years fol- 
lowing surgical operation. The mean im- 
provement for successful cases was 9.23 
decibels at 1,000 cycles, 9.12 decibels at 
2,000 cycles, and 5.78 decibels at 4,000 


cycles. 


2. The improved category showed a 
similar but not as marked improvement 
in bone conduction thresholds. The 
mean change was an improvement of 
3.10 decibels at 1,000 cycles, 6.42 deci- 
bels at 2,000 cycles, and greater impair- 
ment in the order of 7.37 decibels at 
4,000 cycles. 


3. Failures demonstrated no signifi- 
cant changes above 500 cycles. 


4. Bone conduction thresholds above 
500 cycles in the ear not surgically 
treated did not differ significantly pre- 
operatively to postoperatively. 


5. The mean differences preopera- 
tively, when compared with the mean 
differences postoperatively, implied a 
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greater impairment in the improved and 
failure categories at 250, 500, and 4,000 
cycles than did the successful categories. 


This impairment could possibly be due 


to (a) techniques of masking for bone 
conduction audiometry, or (b) a physio- 
logical reaction secondary to labyrin- 
thitis in the fenestrated ear of these 
subjects. 


6. In general, there is no significant 
deterioration of bone conduction ob- 
served in this sample in the ear not sur- 
gically treated, when preoperative and 
postoperative thresholds are compared. 
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DISCUSSION 


GeorGE E. SHAMBAUGH, JR., M.D., Chi- 
cago: Dr. Feldman has attacked a very in- 
teresting and very important aspect of oto- 
sclerosis, namely, the nerve degeneration that 
so often complicates the stapes ankylosis. 


We have no problem in accounting for the 
conductive loss of otosclerosis on a mechani- 
cal basis, and by means of stapes mobilization, 
supplemented when necessary by fenestration, 
we can expect to restore permanently the 
major part of the conductive loss in at least 


90 per cent of cases. On the contrary, for 
the perceptive loss of otosclerosis not only 
can we do nothing but we do not understand 
exactly how it comes about. Nager and 
Fraser (J. Laryng. & Otol., 53:173-180, 
1938) described an actual invasion of the coch- 
lear perilymph space by otosclerotic bone, and 
this may account for a small percentage of 
the localized nerve losses seen in otosclerosis. 
However, in most of the ears with otosclero- 
sis studied histologically, the cochlea is not 
invaded. In 1911 Siebermann observed a 
serous exudate in the perilymphatic space 
of the cochlea in several cases of extensive 
otosclerosis in which the focus had reached 
the endosteum of the cochlea. He suggested 
that the sensory nerve endings might be 
damaged by toxic substances liberated by the 
pathologic bone into the cochlear fluid. ( Ver- 
handl. der deutsch. otol. Gesellsch., 20 :267, 
1911) 


The correctness of Siebermann’s explana- 
tion for the usual nerve deterioration of oto- 
sclerosis is difficult to prove, although it 
seems to be the best that we have. Several 
clinical observations lend support to it. One 
is that nerve deterioration is usually greater 
in those patients with a ‘strongly positive 
Schwartze’s sign indicating a large and active 
otosclerotic focus. Another is that patients 
with advanced cochlear nerve degeneration 
sometimes develop additional symptoms of 
serous labyrinthitis with vertigo and diplacu- 
sis. Third, the perceptive loss of otosclerosis 
does not always continue to progress steadily 
but may stabilize after a period of progres- 
sion, suggesting that the otosclerotic focus 
has become inactive with a cessation of toxic 
products liberated into the cochlea. 


Another interesting observation is_ that 
fenestration may reduce or relieve tinnitus 


even when it does not change the hearing. 
This could be explained by an increased re- 
sorption of the toxic products from the peri- 
lymph afforded by the vascular skin flap over 
the fenestra. It could also explain the appar- 
ent effect of fenestration in retarding the 
nerve deterioration in some cases of otosclero- 
sis. I say apparent effect, for the evidence so 
far is contradictory. 


With some of Dr. Feldman’s conclusions I 
agree completely. He has confirmed the fact 
first pointed out by Juers and later elaborated 
by Carhart that successful fenestration sig- 
nificantly improves the hearing by bone in the 
fenestrated ear, especially for the 1,024 and 
2,048 frequencies. In 1950 McConnell made 
extremely carefully controlled measurements 
by air and bone of the hearing of 58 patients 
who had undergone our routine fenestration. 
He calibrated his audiometer daily against an 
artificial ear, and against an artificial mastoid 
by bone, and he ran all of the tests himself in 
the same quiet, sound-treated room in our 
office. He found an improvement in hearing 
by bone conduction almost identical with that 
found in Dr. Feldman’s study, confirming the 
presence of the Carhart otosclerotic notch. 


I also agree with Dr. Feldman’s finding that 
the hearing in the ear not surgically treated 
does not improve after fenestration, provided 
the hearing tests are made carefully and the 
rather rare case of psychogenic overlay is 
recognized. 


I question Dr. Feldman’s final observations 
and conclusions. His measurements, made an 
average of 744 years after fenestration, 
showed no increase in nerve degeneration in 
either the operated or the wunoperated ear, 
and from this he concludes that fenestration 
does not prevent nerve degeneration. | must 
submit that if his statistics are a true and 
accurate measure of the degree of nerve de- 
generation, then they indicate rather that 
fenestration prevents nerve degeneration in 
both the nonfenestrated and the fenestrated 
ear, for in 7.44 years we should expect a 
measurable increase in neve deterioration in 
at least some of his patients, especially since 
some of them had reached the age of 65. | 
wonder how sure Dr. Feldman is that the 
bone units of his audiometer remained per- 
fectly constant in their calibration during the 
ten years or so of his study. Despite the ad- 
vantages of a very close association with 
Dr. Carhart and his audiology department, 
we have a constant problem in trying to keep 
a uniform calibration for our bone units. We 
do not feel that we can rely upon the bone 


curve alone in deciding whether or not nerve 


deterioration has increased in cases followed 
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for ten years or more. In the study made in 
1951 by Adin and myself of 390 fenestrations 
followed for five to ten years after fenestra- 
tion, we examined both the air curve and the 
bone curve in each case. As far as we could 
determine, in 71 per cent of 247 cases in which 
only one ear was fenestrated, neither the 
fenestrated ear nor the ear not surgically treat- 
ed showed a significant increase in nerve de- 
generation. In 8 per cent both ears showed 
appreciable nerve deterioration, and in 21 per 
cent only one ear showed increased nerve de- 
generation. The surprising finding in our study 
was that when only one ear showed nerve de- 
terioration, it occurred eight times oftener in 
the nonfenestrated ear. 


I thought it would be interesting to study 
the series tested by McConnell with regard 
to further nerve deterioration in the seven 
years since he made his measurements. Of 
the 58 patients, 8 had the other ear fenestrated 
and 10 did not return later than one year 
postoperatively for testing, leaving 40 cases 
available for study. Each patient was carefully 
examined, using both the air curve and the 
bone curve to determine whether or not there 
had been a further cochlear loss. The results 
were as follows: in 23, or 57 per cent, of the 
fenestrated ears there was no further nerve 
deterioration; in 13, or 32 per cent, there was 
slight to moderate deterioration; and 4, or 10 
per cent, were questionable. Of the ears not 
surgically treated, 15, or 37 per cent, showed 
no change, 23, or 57 per cent, showed slight 
to moderate deterioration, and 5 per cent were 
questionable. When nerve deterioration was 
confined to only one ear, it occurred five times 
oftener in the fenestrated than in the non- 
fenestrated ear. Thus, this rather small series 
seems to confirm the early study by Adin and 
myself, showing that fenestration apparently 
retards nerve deterioration in the fenestrated 
ear in some, but not in all, cases of otosclero- 
sis. I should like to repeat what I said in 1955: 
“It is illogical to expect fenestration to have 
any influence on retarding nerve degeneration 
in otosclerosis, yet there is preliminary evi- 
dence to suggest that in some cases better 
cochlear function is maintained in the fenes- 
trated ear than in the opposite unoperated 
ear.” 

It seems very clear that the last word has 
‘not yet been said on this important problem. 
I sincerely hope that a really careful study 
might be made of a sufficiently large series of 
a thousand or more cases followed for ten 
years or more after fenestration, to shed fur- 
ther light on this disputed subject. Such a 
study will certainly require the full-time serv- 
ices of a competent person or several per- 
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sons over a period of months. With the audio- 
metric records that are available on many 
thousands of fenestration operations, such a 
study can and should be made. 


Hattoweitt Davis, M.D., St. Louis: Dr. 
Robert Bilger, of the Central Institute for the 
Deaf, has just completed an analysis of the 
follow-up tests of a group of patients fenes- 
trated by Dr. Walsh some seven to ten years 
ago. The portion of his analysis that deals 
with the articulation scores of these patients 
is pertinent to Dr. Feldman’s study, and I 
am indebted to Dr. Bilger and Dr. Walsh for 
permission to present to you the main results 
of this portion of Dr. Bilger’s analysis. 


Those of you who are acquainted with Dr. 
Walsh’s views will not be surprised that it is 
not bone conduction that he has used as an 
indicator of cochlear reserve and of possible 
deterioration of the auditory nerve or sense 
organ, but articulation scores obtained with 
the PB lists as recorded by Rush Hughes. 


The main question asked by Dr. Bilger is, 
“Does the relation between the articulation 
scores of the fenestrated and the unoperated 
ears of these patients change over a seven- 
year interval?” 


First of all, Dr. Bilger found that the ar- 


ticulation scores of both sets of ears, those 
operated upon and those on which an oper- 
ation was not made, fell off slightly between 
the third and seventh year. The lowering of 
the average articulation score at the seven- 
year period is statistically significant, but the 
point that interests us more is that there is 
no significant difference at any period between 
the fenestrated ear and the ear not operated 
upon. To the extent that these articulation 
scores and the Rush Hughes’ recorded version 
of the PB lists are an indicator of the state 
of the end organ and associated neurostruc- 
tures, there is no evidence, in this follow-up 
over a period of seven years, that the state 
of the end organ or of the nerve is influenced 
by the fenestration operation. 


Dr. FELDMAN: It is hard to disagree with 
people who agree with you. 


Dr. Shambaugh, | agree certainly that the 
problem of calibration of bone conduction 
over a period of ten years is an insurmount- 
able one. Clinically, it is an insurmountable 
one from one hour to the next. It is for this 
reason that we attempted to change the sta- 
tistics a little by comparing the measures of 
the difference preoperatively between the ears 
and then the same measures postoperatively. 


be a 


We made the assumption (it may 
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wrong one) that if the calibration was off ten 
years ago, it was off in the right ear and the 
left ear, or in the fenestrated and the un- 
fenestrated ear. So we relied upon the dif- 
ference between the ears as well as the dif- 
ference preoperatively compared with the dif- 
ference postoperatively. In order to study the 
question we had to start somewhere. 


Second, another aspect of this study, not 
discussed here, may have led to some of my 
conclusions. | made a study of otosclerotics 
who had not been operated upon but who had 
a history of otosclerosis of variable duration. 
In that study, if we factored out age we could 
find no significant impairment of hearing by 
bone conduction. In other words, my conclu- 


sion is partly based on the fact that I don’t 
know whether bone conduction really decreases 
because of otosclerosis as a general rule, but 
1 would agree that this should be studied 
further. This is certainly no last answer and 
| would be very interested in seeing a simi- 
lar study of a group of the so-called fulminat- 
ing type. I think perhaps the findings would 
be different. Our sample was too small to 
study this group alone. 


We also used articulation scores, Dr. Davis, 
and the results are not quite the same. The 
only group that separated and showed a poorer 
score was the failure group in terms of the 
fenestrated ear, which was not quite as good 
postoperatively. 
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AUDIOMETRIC MANIFESTATIONS 
OF INNER EAR PHYSIOLOGY: 
THE AURAL OVERLOAD TEST 


Lawrence, Pa.D. 


ANN ARBOR, MICIIIGAN 
BY INVITATION 


Topay, with reconstructive surgery 
of the middle ear a dominant part of 
otology, adequate assessment of inner 
ear function is most important. There is 
no doubt but that some of the fail- 
ures experienced by surgeons operat- 
ing on the middle ear can be attrib- 
uted to the unrecognized lack of suf- 
ficient cochlear reserve. This can occa- 
sionally be accounted for by the well 
established fact that middle ear lesions 
sometimes affect bone conduction mea- 
sures in peculiar ways. Therefore, aside 
from establishing a spread between air 
and bone conduction thresholds, addi- 
tional techniques of measuring the audi- 
tory response at sound levels above 
threshold have been deemed necessary. 
Thus we find speech and recruitment 
tests quite widely used. But speech tests 
present many difficulties, such as the na- 
tive tongue of the patient and even his 
intelligence, and recruitment tests cannot 
always be carried out and are not very 
quantitative. 


We have recently proposed a quanti- 
tative procedure called the Aural Over- 
load Test, that purports to measure 
what in electronic terms would be called 
the dynamic range of the ear.’ This test 
is based upon some of the known physio- 
logic characteristics of the ear. A quar- 


Preparation of this report was supported by the Re- 
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Surgeon General, Department of the Army, under 
contract no. DA-49-007-MD-634 and by the funds for 
research in Human Resources, University of Michi- 
gan. 
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ter-century analysis of inner ear iunc- 
tion by means of the sound-induced elec- 
trical effects arising from the sensory 
cells of the organ of Corti has revealed 
phenomena which can be demonstrated 
audiometrically and are of value be- 
cause this research has localized these 
phenomena in the inner ear. The Oto- 
sclerosis Study Group requested a re- 
port on the physiologic basis for this 
test and on the success experienced so 
far through its clinical use. 


ANIMAL EXPERIMENTS 


When the ear of an experimental 
animal is presented with a tone, an elec- 
trode placed anywhere in the vicinity of 
the cochlea picks up an alternating cur- 
rent wave that faithfully reproduces the 
wave shape of the stimulating tone. 
These potentials arise from the hair cells 
of the organ of Corti and are known 
best as the Wever-Bray effect.’ If a 
pure tone is used as the source and kept 
at a low intensity level, the electrical re- 
sponse follows accurately any increases 
in intensity. If the sound pressure is 
doubled, the voltage (measured in micro- 
volts) from the cochlea doubles. This is 
true up to a point; the response, when 
the sound pressure gets too high, no 
longer accurately follows the increases. 
When the sound pressure in—voltage out 
curve is plotted there is no longer a 
straight line at these levels and one can 
see that the limit of linearity has been 
reached. As the stimulating sound pres- 
sure is increased further, a maximum in 
response is approached and beyond the 
maximum there is a decrease. If the tone 
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FIG. 1—Intensity function as recorded by measuring 
the electrical response of the cochlea to a tone of 
1000 cps. 1 dyne/cm.? 74 db above .0002 dyne/ 
(From Wever and Lawrence.**) 


remains at this high level, or is further 
increased, damage to the inner ear sen- 
sory structures will inevitably follow. 


Figure 1 shows the response curve to 
a tone of 1000 cycles per second (cps). 
The limit of linearity and the maximum 
point are indicated. Similar curves can 
be recorded for all audible frequencies 
even though there may be differences in 
sensitivity. Such differences show up as 
a shifting of the curve to the left or 
right depending upon whether the ear 
is more or less sensitive. A shift to the 
right, for example, would indicate that 
more sound pressure is required to pro- 
duce a certain voltage output. 


For this electrical response there is 
no threshold such as is known in audi- 
ometry; the lower measures are limited 
only by the physiologic noise level of the 
animal, or the vacuum tube and thermal 
noise level of the recording equipment. 
As the stimulating tone is made more in- 
tense, the the 


response increases in 


same amount and proceeds to do so un- 
til the limit of linearity is reached. Fre- 
quencies below 1000 cps reach approx- 
imately equal maximums, but the magni- 
tude of this measure decreases rather 
uniformly as the frequency is increased.”° 
For our purposes here, the next consid- 
eration is which of the auditory struc- 
tures is responsible for limiting the re- 
sponse in this manner. One might sus- 
pect, since sound pressures that produce 
a maXimum response give rise to injury 
of the inner ear only, that it is the inner 
ear that is limiting the response, and nu- 
merous experiments have shown that 
this is true.*! 


It is really quite astounding to find 
how truly linear the middle ear is in its 
response to sounds of increasing inten- 
sity. An electrode on the cochlea reflects 
the properties of all the peripheral struc- 
tures up to and including the source of 
the recorded potentials, and anything 
that impedes the transmission of acoustic 
vibrations along the aural pathways les- 
sens the amount of cochlear alternating 
current voltage for a given sound pres- 
sure. But this is merely a loss in sensi- 
tivity, a conductive deafness. If the 
sound level is raised sufficiently to vi- 
brate the inner ear structures, the limit 
of linearity is seen to occur at the original 
response level. Within a very small 
amount of variation, this is true under 
any sound conduction impairment of the 
middle ear. The drum membrane can be 
perforated, the middle ear air pressure 
increased or decreased, the ossicular 
chain disarticulated or, as will be shown 
shortly, the stapes can be ankylosed or 
the middle ear cavity filled with adhe- 
sions Or suppurative material, and the 
response level of the limit of linearity 
remains approximately the same. 


A most striking bit of evidence comes 
from experiments in which the drum 
membrane and ossicles, except for the 
stapes, are removed entirely.'®.?! Figure 
2 shows the respemse curves under the 
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FIG. 2—lIntensity function for 1000 cps recorded 
when first the malleus and then the stapes is driven by 
a mechanical vibrator. (From Wever and Lawrence.*') 


two conditions. In this experiment a 
needle driven by a crystal vibrator was 
first placed on the umbo of the malleus 
and a sound pressure in—voltage out 
curve recorded. The drum membrane 
and ossicles were then removed and the 
vibrating needle placed on the head of 
the stapes. Because the lever ratio of the 
ossicular chain is now lost, the ampli- 
tude of vibration on the stapes is greater 
by the amount of the lever ratio (about 
2.5 to 1 in the cat) than it was after 
traversing the ossicular chain. So we see 
that the response for a given sound pres- 
sure is larger when a given amplitude 
is applied to the stapes than when it is 
applied to the malleus. The magnitude of 
the response shows what is going on at 
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the hair cells and, as these curves show, 
the limit of linearity and maximum are 
reached at approximately the same level. 
Manipulation of the middle ear struc- 
tures may change the sensitivity of the 
ear by interfering with the sound con- 
duction but it does not affect the linear 
range of operation. 


If anything disturbs the inner ear, 
however, an entirely different picture is 
produced. Such conditions can be most 
readily produced by death of the animal 
or by overstimulating with sound. Figure 
3 shows a normal response curve and 
several others after various periods of 
time following the death of the animal.'® 
The numbers at the tops of the curves in- 
dicate minutes following the last de- 
tectable heart beat of the animal. Under 
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FIG. 3—Intensity function for 3000 cps before and 
following death of the animal. The numbers at the 
maximums of the curves indicate minutes after 
death. (From Wever, Bray and Lawrence.) 
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these conditions not only is sensitivity 
lost, as indicated by shifting of the 
curves to the right, but also the response 
levels of the limit of linearity and max- 
imum response are lowered. The dynam- 
ic range of the ear is thus seriously af- 
fected. 


Response, microvolts 


ool 10 
intenstty, dynes per sq cm 


FIG. 4—Intensity function for 300 cps before and 
following overstimulation with 700 cps. (From Wever 
and Lawrence.**) 


The same picture is produced after 
damage to the inner ear of the animal by 
the introduction of excessively intense 
sounds.** Figure 4 shows a normal re- 
sponse curve and a curve made after se- 
vere acoustic injury. Again, not only has 
sensitivity been lost, but the dynamic 
range has been drastically decreased. 


On the basis of this evidence and con 
siderably more it is apparent that the 
linear range of operation of the auditory 
structure is determined by the inner ear. 
It is true that the middle ear will become 
nonlinear if driven by excessive ampli- 
tudes, but such conditions would have 
already destroyed the inner ear. 
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It must be clearly understood that 
there are several explanations of how 
this limiting takes place in the inner ear 
and that there are several structures that 
could be Our specific 
concern here is to show that departure 
from linearity is a property of the inner 
ear, not the middle ear, and that only 
changes in inner ear conditions affect 
this linear range. 
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Intensity function in response to a tone of 
to show individual differences in limit of 
linearity and maximums even though sensitivities to 
low level sounds remain the same. (Adapted from 
Lawrence and Blanchard.*) 


Since the linear range is so dependent 
upon inner ear conditions, one would 
expect to find individual differences in 
this dimension. Figure 5 shows that such 
differences do exist even when sensitivi- 
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ties remain the same.* These curves are 
for two guinea pigs stimulated with the 
same frequency. At low sound pressures 
the two responses coincide, but one de- 
parts from linearity and reaches a maxi- 
mum at a lower intensity and response 
level than the other. This suggests the 
possibility that if the linear range of op- 
eration could be determined audiometri- 
cally in the human ear, there would be a 
means of determining the physiologic 
condition of the inner ear independent of 
middle ear alterations that affect only 
sensitivity. 


A characteristic of this departure 
from linearity that makes possible such 
a measure in the human ear is that as 
the response fails to give equal increases 
to intensity raises of the stimulating 
tone, the ear produces harmonics, tones 
which are multiples of the fundamental 
driving frequency. As the ear is driven 
further into the nonlinear region these 
harmonics rise rapidly in intensity. It is 
possible, again in an experimental ani- 
mal, by use of a voltmeter that can be 
tuned to any desired frequency, to mea- 
sure these harmonic components and 
show that they exist as part of this non- 
linear process. This is also called non- 
linear or amplitude distortion. The ear 
is said to be acoustically overloaded, and 
the occurrence of rapidly rising har- 
monics is part of the process. Figure 6 
shows such an analysis. The curve num- 
bered 1 is the response to a 1000 eps 
pure tone fundamental, and the higher 
numbered curves show the rapidly ris- 
ing harmonics: curve 2 is the 2000 cps 
harmonic ; curve 3, the 3000 cps, etc. Of 
course it is absolutely necessary in this 
type of experiment that the stimulating 
tone be as free from harmonics as is 
technically possible so that the distortion 
products present in the electrical re- 
sponse are known with certainty to arise 
in the ear. 
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FIG. 6—lIntensity functions for a pure 1000 cps tone 
and for the harmonics arising from within the inner 
ear. The number appearing at the maximum of each 
curve designates its order in the harmonic series; e.z., 
number 2 represents the 2000 cps component. (From 
Wever and Lawrence.*') 


CLINICAL EXPERIMENTS 


It has been known for some time that 
these aural harmonics can be heard by 
a human observer, but they were never 
dealt with experimentally until Wegel 
and Lane!> of the Bell Telephone Lab- 
oratories introduced the exploring tone 
technique in their 1924 article on mask- 
ing. To determine the limit of linearity, 
or the point of onset of overload, in the 
human ear, it is only necessary to find 
the level of a pure stimulating tone at 
which the harmonics can just be detect- 
ed. To do this, the exploring tone meth- 
od of Wegel and Lane can be employed 


(fig. 7). 


R 
4 
<¢ 
on 
ar: 
= 
= 
‘ 
~4 Neg 
bi 
3 
‘ 
id 
fe 
2 
By 
os 
: 
te 
te 
A 
t 
> 


JAN.-FEB. 
1958 


A filtered, pure tone of, say, 1000 cps 
whose harmonic content is known to be 
less than 0.1 per cent is delivered to the 
ear. At low levels, only this tone is heard. 
As the intensity is raised, an experienced 
listener may detect the presence of har- 
monics tm the tone he hears. Since these 
overtones are difficult to hear, a second 
exploring tone, the frequency of which 
is only a few cycles per second different 
than that of the second harmonic, is in- 
troduced. This second tone beats with 
the aural harmonic and these beats can 
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harmonic, it is possible to determine the 
equivalent intensity of the aural har- 
monic by determining the intensity of 
the exploring tone. In this way the 
growth of the aural harmonic, as the ear 
is driven further and further into the 
overloaded region, can be traced,® and the 
resulting curves bear a marked resem- 
blance to those recorded in the analyzed 
electrical response from the cochlea of 
an experimental animal. It is also pos- 
sible, by the same method, to determine 
the intensity level of the fundamental at 
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The method of detecting harmonics in the human ear. At low levels when the ear is 


stimulated with a pure 1000 cps tone, only that tone is heard. At high levels the ear overloads and 
produces harmonics which are present along with the fundamental. To aid in the detection of these 
harmonics, an exploring tone is introduced which then beats with the aural harmonic and is heard 


in the background of the fundamental. 


be heard in the background of the funda- 
mental. Best beats occur when the inten- 
sities of the beating tones are equiv- 
alent,© and since the aural harmonic is 
weaker than the fundamental, the ex- 
ploring tone must be kept less intense 
than the overloading fundamental. By 
increasing or decreasing the intensity of 
the fundamental and then varying the 
intensity of the exploring tone until best 
beats are heard between it and the aural 


which overloading, or the onset of non- 
linearity, is reached. When the funda- 
mental is below the level of overload two 
tones can be heard: the fundamental and 
a weaker exploring tone. At the point of 
overload, or higher, the fundamental and 
a weaker, beating tone are heard. 


It should be pointed out that ever since 
the exploring-tone method was first em- 
ployed, there have been several objec- 
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FiG. 8—Equipment arrangement in an experiment to determine whether an exploring tone (2004 cps) modu- 
lates the fundamental (1000 cps) through interaction within the inner ear. The response to the fundamental, 
or harmonic, can be separated by having them combine with either 49 kilocycles or 48 kilocycles respectively 
from a tuned variable frequency oscillator and passing the resulting 50 kilocycles through a crystal filter. This 
is done within a G. R. type 736-A wave analyzer. The result is portrayed on a cathode ray screen. At low 
levels two pure tones are recorded in the response, which is the way the ear hears them, but when overloading 
is reached and the aural harmonic arises, the response to the exploring tone alone is seen to beat. It is neces- 
sary to remember that the ear itself acts like a frequency selective filter in which components of a complex tone 
ean be heard out (Ohm’s law). This immediately makes it improper to think that the hearing process is like 
a nonselective circuit that consists of mixing and interaction of any and all components, as supposed by critics 
ot the exploring tone technique (see text). 


tions to this technique. Max Meyer"! in intensity level of the fundamental as they 
numerous articles has vehemently de- do when heard with the aid of the aux- 
nied the existence of aural harmonics. _ iliary tone. 

Trimmer and Firestone,'* and more re- 
cently Chocholle and Legouix,* have ex- 
pressed the notion that any mistuned oc- 
tave will interact with the fundamental 
to give beats, making the method inade- 
quate for the detection of aural har- 
monics. And Bekésy,' using the same 
argument based on experimental work 


b. Below the level of overload two dis- 
tinct nonbeating tones can be heard: the 
fundamental tone and the exploring tone. 
If the ear were like Békésy’s model, a 
beating tone should be heard all the way 
down to the threshold of the fundamen- 
tal. 


with his skin-vibrator model of the coch- 
lea, while admitting the clinical value of 
the method, denies that the beats are be- 
tween an aural harmonic and the ex- 
ploring tone. There is, however, consid- 
erable evidence that indicates the validity 
of the technique’®: 

a. Experienced observers, without the 


aid of an exploring tone, can hear the 
harmonics and they appear at the same 


c. Lewis and Larsen!® have shown 
that when the ear is overloaded the har- 
monic will be heard to interact with an 
exploring tone of exactly the same fre- 
quency as the harmonic but shifted in 
phase. This would not occur if there 
were no harmonic, since the fundamental 
is heard to remain constant. 


d. It is possible at some frequencies to 
introduce the exploring tone into the op- 
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posite ear and experience a binaural beat 
between it and the harmonic arising in 
the overloaded ear. 


e. By introducing an exploring tone 
into an animal’s ear which is overloaded 
with a pure tone, it is possible to use a 
frequency selective voltmeter to deter- 
mine whether there is any interaction be- 
tween these two tones. Figure 8 shows 
the arrangement of equipment for per- 
forming this experiment. An overload- 
ing fundamental is directed into the an- 
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It is seen to beat at a rate equal to the 
frequency difference between the har- 
monic and the exploring tone. When the 
voltmeter is tuned to the fundamental, 
no appreciable disturbance is observed. 
This clearly indicates that, at least up to 
the point at which these electrical poten- 
tials are generated, there is no inter- 
action between the fundamental and the 
exploring tone and that an aural har- 
monic has to be present to produce the 
beats. In view of this evidence the ex- 
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FIG. 


Thresholds of 


imal’s ear and the strength of the second 
harmonic read by means of the volt- 
meter. This fundamental is turned off 
and a second tone a few cycles per sec 
ond different than the harmonic 1s pre- 
sented and adjusted to give the same re- 
sponse on the voltmeter that the har- 
monic The overloading funda- 
mental and the exploring tone are then 
turned on together and the selective volt- 
meter tuned to the harmonic frequency. 


gave. 


aural overload in normal ears. 
threshold to which the designated frequency must be raised to produce just noticeable overloading. 


LEVEL ABOVE THRESHOLD TO 
OVERLOAD NORMAL EAR 


48db 


57 4b 


Each point represents the level above audibility 


ploring tone method as a valid technique 
for detecting conditions of overload in 
the inner ear of the human appears rea- 
sonable. 


By using a number of observers with 
thresholds within normal limits it is pos- 
sible to find the average dynamic range 
of the ear for various frequencies and 
determine the extent of its variations. 
Fletcher* published a curve showing the 
level above threshold at which various 
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FIG. 10——-Thresholds of aural overload in ears with a conductive loss. The lineor ran 


is almost identical with that of normal ears. 


harmonics of a pure tone could be 
heard, but no determination of individual 
differences was shown. Advocating that 
this technique could be clinically useful, 
Lawrence and Blanchard® carried out a 
series of experiments in a specific effort 
to determine the amount of variation in 
onset of overload among normal hearing 
individuals, but the number of observers 
was small. Later, larger groups were 
emploved for 1000 cps and 2000 cps, and 
these data’ have been used in conjunc- 
tion with the earlier data for the illustra- 
tion here. Figure 9 shows, in audiogram 
fashion, the lowest levels above threshold 
to which each of four frequencies must 
be raised to produce, in the background 
of the fundamental, the audible beats be- 
tween aural harmonic and exploring 


tone. The area between the zero line and 
the threshold of overload is the region 
in which sounds can be heard with no 
distortion. Beyond the lower line, dis- 
tortion products can be heard. The rea- 
son these overtones are not noticed in 
everyday life is that the listener is never 
subjected to pure tones. Every bit of 
music and human voice is richly filled 
with harmonics which mask out any 
aural overtones that might be present. 


The mean threshold of overload for 
this limited number of subjects occurs at 
23 db above audibility threshold for 250 
cps, 48 db for 500 cps, 52 db for 1000 
cps, and 57 db for 2000 cps. The stand- 
ard deviations of these measures are 
shown so that they can be used as a 
standard 'n estimating whether a patient 
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LEVEL ABOVE THRESHOLD TO 
OVERLOAD EAR 


HYPOTHETICAL COCHLEAR LOSS 


DEVIATION 


FIG. 11-——Thresholds of aural overload in ears with a loss in hearing attributable to inner ear 
lisease. The linear range is markedly restricted. 


has a normal or an abnormal overload 
level. The actual range of overload 
thresholds in normal observers extends 
considerably beyond the limits of the 
standard deviation. Both 1000 cps and 
2000 cps show overload levels ranging 
from 5 db above threshold up to SO db 
for various observers. 


Overload measures that have been 
carried out on patients with conductive 
losses show ranges of linear operation 
of the ear almost identical to those of 
the observers with normal hearing, but 
the patients with hearing losses attribut- 
able to inner ear lesions show a marked 
restriction of this linear range. The 
clinical data presented here are from 
Opheim and Flottorp'* for 250 cps and 
500 cps and from Lawrence and Yantis? 
for 1000 eps and 2000 eps. Figure 10 


shows a typical conductive loss thresho'< 


curve and below it the mean level of 
overload for the four frequencies. From 
audibility threshold to point of overload 
the linear range is practically identical to 
that for the normal ear. The middle ear 
impediment (otosclerosis and chronic 
otitis) has merely necessitated shifting 
the sound level higher but has not appre- 
ciably changed the overloading charac- 
teristics of the ear as a whole. This ob- 
servation in itself is supporting evidence 
that the middle ear is not involved in the 
aural distortion process even when af- 
fected by disease. 


In contrast with these results, inner 
ear disease has a very marked effect 
upon the level at which the ear over- 
loads. This, of course, was predicted 
from the results of the animal studies 
and shows up clearly in figure 11. The 
data from which this figure was made 
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were taken from the same two reports 
as those for the ears with conductive 
loss and represent patients with Mé- 
ni¢re’s disease, neomycin toxicity, child- 
hood fevers, stimulation deafness and 
presbycusis. In these cases the mean level 
of overload above audibility threshold 
has been reduced to 8 db for 250 cps, 10 
db for 500 cps, 12 db for 1000 cps, and 
18 db for 2000 eps. In addition, both the 
standard deviation and general spread of 
results have been reduced. It is obvious 
why, with a dynamic range of only 10 
to 18 db in the speech frequencies, these 
patients complain of not being able to 
understand what they hear or are unable 
to wear a hearing aid. There are also in- 
dications here that the difference be- 
tween the audibility threshold and the 
overload threshold may serve as a quan- 
titative measure of the severity of coch- 
lear involvement. Many patients in this 
category experience distortion as soon 
as a tone is heard, i.e., the threshold tone 
contains aural harmonics. In others this 
may not occur until the tone is 5, 10 or 
15 db above threshold. Since the nor- 
mal ear does not overload until around 
50 db, there is considerable possibility 
for a quantitative interpretation. 


As has been observed in the animal 
experiments described earlier, inner ear 
disease not only lowers the response lev- 
el at which overloading starts but it 
seems also to bring it on quite rapidly. 
That is, once the overload level has been 
reached, the harmonics produced grow 
very rapidly. So it is not surprising that 
patients with cochlear deafness have less 
trouble hearing the beating harmonics 
than do other observers. Once overload- 
ing sets in, the harmonics begin to dom- 
inate the experience. It has also been a 
common observation that, in cases where 
it can be measured, recruitment invari- 
ably exists along. with the lowered over- 
load threshold. Sokglowski!’ and Opheim 
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and Flottorp'2 recommend the use of 
the overload test as a substitute for re- 
cruitment tests. 


Some measures of overload level have 
been carried out on patients with eighth 
nerve tumors but not enough have been 
made to indicate whether the measure 
has any value in separating cochlear 
from true nerve deafness. Without fur- 
ther investigation on such patients it is 
difficult to predict just how the inner ear 
distortions would be perceived through 
a damaged nerve. 


Because the overload threshold level 
seems to be closely related to the maxt- 
mum response and subsequent injury, 
the aural overload test was first sug- 
gested as a means for detecting those 
ears that might be susceptible to noise- 
induced hearing loss. The objection 
raised to such a proposal has been that 
the idea had not been validated in human 
beings. Since no such test has ever been 
truly validated, this is certainly as le- 
gitimate a criticism for the overload test 
as it is for the others, but the test for 
distortion in the ear does seem to have 
the advantage that the process is known 
to be related to actions of the structures 
of the organ of Corti, the locus of dam- 
age by loud sounds. Distortion thresh- 
olds are also known to be lowered by 
brief stimulation of loud tones.’ Valida- 
tion programs are in progress at the 
present time, and the usefulness of the 
overload test as a measure of suscept- 
ibility should some day be known. 


Many interesting theoretical implica- 
tions of these distortion characteristics 
of the inner ear exist. The exact source 
or method of production is not clearly 
understood, and the peculiar nature of 
its behavior in pathological conditions of 
the inner ear needs a great deal of in- 
vestigation. For example, if hydrops is 
present in Méniére’s disease, it must be 
as a phenomenon accompanying others 
that affect hearing in serious ways, be- 
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cause it is difficult to explain a limited 
linear range solely on the basis of a fluid 
pressure change. Further use of the 
aural overload test will not only add to 
the certainty of diagnosis but will fur- 
nish additional data on inner ear dis- 
eases, data that may help in determining 
the causation of what are now incurable 
forms of deafness. 
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DISCUSSION 


THeopore E. Watsu, M.D., St. Louis: Dr. 
Lawrence has presented another test designed 
to assess cochlear dysfunction. He has pre- 
sented very clearly the method of testing and 
the experimental evidence for the test. There 
are some points I want to discuss and some 
questions | want to ask. 


First, | wonder if the aural overload test 
is really going to be helpful in assessing the 
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degree of cochlear dysfunction in mixed deaf- 
ness. In his opening paragraph Dr. Lawrence 
indicates that it will. Yet in his report in the 
Archives of Otolaryngology in January 1956, 
he reports several cases of so-called mixed 
deafness which | wish he would explain. The 
range from threshold to overload in middle 
ear disease has a mean of 51 decibels and a 
standard deviation of 5 for the 1000 cycle 
tone, and a mean of 55 decibels and a standard 
deviation of 6 for the 2000 cycle tone. Does 
an ear with a threshold to overload range for 
the 1000 cycle tone of 45 or 50 decibels have 
cochlear dysfunction? And if so, how much? 
Is this really a mixed deafness or a pure con- 
ductive deafness? Surely it is much easier to 
estimate by the use of speech tests whether 
one can help this patient surgically. If the 
patient’s discrimination score is such that he 
would be made socially adequate by improve- 
ment of his threshold for speech, then the 
operation is worth while. If his discrimina- 
tion score is too poor for him to be socially 
adequate how ever much his threshold is im- 
proved, surely the operation is contraindicated. 
I doubt that the aural overload test will be 
of much help to those of us who are doing 
surgical procedures on the middle ear. 


I want to ask Dr. Lawrence about his 
experience in the test-retest reliability of the 
aural overload test, and, further, I should like 
to know how difficult it is for the patient. I 
tried it the other day myself and found it 
quite difficult. 


This test might be helpful in the differen- 
tial diagnosis between cochlear lesions and 
those central to the cochlea, specifically be- 
tween Méniére’s disease and cerebellopontine 
angle lesions. A differential diagnosis is not 
always easy to make in these conditions, and 
the hearing studies are frequently hard to 
assess. This test should give us information 
if it actually differentiates end organ lesions 
from central lesions. Apparently, there are 
still too few cases of central lesions studied 
to make the results statistically significant. 


I expect that this test may be helpful in 
assessing which ears are particularly suscepti- 
ble to noise, and it might be an excellent 
screening tool for employment in noisy in- 
dustry. I suppose that those normal patients 
who have a range from threshold to over- 
load in the low values, for example 30 de- 
cibels or less, should not be given employ- 
ment where there is excessive noise. These 
ears are probably more liable: to acoustic 
trauma than are those with a large range. 

If I understood him correctly, Dr. Law- 
rence feels that bone conduction audiometry 
is not always diagnostically reliable. I agree 
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with him. I congratulate him on producing an- 
other test which will be a check in regard to 
this very important matter. For example, I 
wonder how the patient who was sent to me 
for a possible operation on the middle ear, 
with a tentative diagnosis of otosclerosis, 
would have come out with the aural overload 
test. He had a positive Rinne in spite of hav- 
ing excellent discrimination in both ears. I 
believe the diagnosis to be perceptive deafness, 
but | have seen patients with early otosclerosis 
who do show a positive Rinne; | am sure all 
of you have. This aural overload test might 
very well be utilized to help us in making a 
differential diagnosis. 


I agree that bone conduction curves can do. 
strange things in cases of middle ear disease. 
For example, we have several patients on 
whom the bone conduction curve has complete- 
ly changed after stapes mobilization. The 
aural overload test in this instance might have 
given us some information, although tuning 
forks and speech tests helped us determine 
whether or not to operate. 


Dr. Lawrence is to be congratulated on this 
paper and on presenting us with a new test 
of cochlear dysfunction. I would like to em- 
phasize that this is an added test which, when 
used intelligently and correlated with other 
hearing tests also used intelligently, will help 
to make a diagnosis of hearing loss. I am sure 
Dr. Lawrence agrees that a great deal of 
work remains to be done before the full sig- 
nificance of the test can be evaluated. Until 
this research has been done, I hope that the 
manufacturers of audiometers will not add 
apparatus for doing aural overload tests to 
their clinical audiometers. 


Cram M. Kos, M.D., lowa City, Iowa: 
Anyone familiar with the complexities of 
hearing loss will agree that an accurate as- 
sessment of hearing acuity is not always a 
simple task. Often it becomes a_ time-con- 
suming chore and, unless devotion to accur- 
acy and understanding in certain instances is 
intensified, therapeutic errors of commission 
and omission are bound to arise. 


Obviously, the conventional air and bone 
conduction tests have their limitations, but 
their usefulness has been augmented by more 
complicated measurements of the impedance 
of tympanic structures, speech discrimination, 
temporary threshold shift, PGSR audiometry, 


a confusing battery of recruitment tests, and 


now, possibly, a test for aural overload. 


Fortunately, an adequate history, physical 
examination and the fundamental tests of air 
and bone conduction sensitivity still serve to 
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indicate a clinically practical and useful diag- 
nosis of the majority of ear diseases. Unfor- 
tunately, the cost, space requirements, opera- 
tional difficulties and time required to admin- 
ister the more exploratory tests make it too 
inconvenient, if not impossible, for the otol- 
ogist to perform them. Consequently, most 
of these special tests are available only to 
otologists who employ competent audiologists 
or those who command audiologic services in 
teaching and research institutions. 


I must emphasize that if the air and bone 
conduction sensitivity tests are conducted 
properly under the protection of reasonably 
controlled conditions, and if surgeons operat- 
ing on the middle ear would conscientiously 
pause long enough to ascertain the true capa- 
city of hearing by these methods before rush- 
ing into a possible surgical solution, the fail- 
ures mentioned by Dr. Lawrence would be 
reduced considerably. 


The provocative potentialities of the aural 
overload test are stimulating to the imagina- 
tion. It is a fascinating phenomenon to experi- 
ence. It is not difficult to administer—if you 
have the equipment to deliver the appropriate 
stimuli. 


The test results at this stage of development 
may not be as easily defined as the author 
suggests. Since the test itself seems to initiate 
a chain reaction by the production of aural 
harmonics, evidence of functional activity is 
multiplied to the extent that additional features 
of the response are made available for study. 


A fundamental tone is introduced at a given 
intensity. Then another tone four cycles above 
the first aural harmonic is added. This second 
tone is the exploratory tone—searching, by 
varying the intensity, the sensation level at 
which beats are heard best. This plateau rep- 
resents the threshold of overload for the 
fundamental tone selected 


According to this study, the mean threshold 
of aural overload in normal and tympanically 
impaired ears is approximately 50 decibels 
above the threshold of audibility. However, 
the overload levels range from 5 decibels to 
80 decibels among the subjects tested. As a 
clinician | must admit to some confusion con- 
cerning the quantitative significance of a pro- 
cedure which exhibits as great a range of indi- 
vidual differences as is characteristic of the 
aural overload test. Perhaps it is this marked 
variability of individual differences in intensity 
levels required to overload the ear which sug- 
gests the possibility of its use for the detection 
of noise susceptibility. If so, I am concerned 
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about the hearing of the observer whose over- 
load threshold developed at 5 decibels above 
audibility. 


I interpret these conclusions to mean that 
as much variability is to be anticipated in the 
sensation levels at which overloading occurs 
in ears with tympanic disease as in normal 
ears, since it has been shown that the tympanic 
structures have little or nothing to do with the 
generation of aural harmonics. If this is cor- 
rect, it follows that this rather large overload 
variability reduces the accuracy or signifi- 
cance of quantitative evaluation of the coch- 
lear reserve in patients with tympanic or 
combined tympanic and cochlear diseases. 


The data presented do not show that this 
variability is eliminated by cochlear or neural 
involvement, although it is interesting that 
the linear dynamic range is reduced in ears 
with cochlear disease. This more significant 
observation suggests that the overload test 
may lead to more effective techniques for 
differentiating between different areas of in- 
ner ear involvement, provided individual dif- 
ferences at which aural overloading occurs 
are not extreme. 


The standard deviations of the sensation 
levels at which overloading occurred in ears 
with . otosclerosis were considerably smaller 
than the comparable standard deviations in 
cochlear disease. Since the linear dynamic 
range is less in ears with cochlear disease, one 
would expect to find the standard deviation 
smaller—but such is not the case. Perhaps Dr. 
Lawrence will comment on this further. 


At this point I am not convinced that the 
overload test is a more accurate quantitative 
test for recruitment than the presently avail- 
able direct measures, but I intend to subject 
some of my patients to this test to learn more 
about it. 


As Dr. Lawrence has stated, much more 
information is needed to establish the diag- 
nostic value of this test; also, there is a need 
for standardization of terminology concerned 
with physiology, technique, and _ statistical 
treatment of the test. 


I congratulate Dr. Lawrence for his pioneer 
work with this procedure. 


Davis, M.D.. St. The 


Louis: 


topic of this paper is very close to my heart, 
because in our own laboratory we have ob- 
served many of the phenomena that Dr. Law- 
rence has described in regard to the electrical 
output from the ear of the cat. We, too, have 
observed and have been studying the phenome- 
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na of nonlinearity about which he has spoken. 
Notice that I use the word “nonlinearity” and 
not the word “overload.” 


My first comment is that I am afraid that 
the word “overload,” although it is technically 
correct from the point of view of mechanics 
to designate exactly this departure from non- 
linearity, gives an impression of physiological 
stress and danger that is entirely unjustified. 
I call attention to the fact. that the point of 
nonlinearity in Dr. Lawrence’s chart of the 
input-output curve of the cochlear micro- 
phonics occurs at about the middle of the 
physiologic range, that is, about at the level 
of conversational speech. We have confirmed 
this observation many times, and I think it is 
ridiculous to be worried about overload at 
this level as a threat, a stress, or a danger. I 
propose a different line of interpretation, 
which will give us almost the same results as 
Dr. Lawrence obtained. We can regard this 
appearance of nonlinearity as the manifesta- 
tion of a protective mechanism in the inner 
ear which prevents the very sensitive external 
hair cells from being overstressed or these 
hairs distorted too far by the very wide dy- 
namic range of sounds to which they are sub- 
jected. When this protective mechanism comes 
into action, another set of receptors of higher 
threshold takes over and thereby extends the 
range of sensitivity of the ear. There is no 
doubt, however, that we do have harmonic 
distortion. An oscillogram shows the suppres- 
sion of the peaks. !{ we put the electrodes in 
a different position in the cochlea, the wave 
form is quite different but nevertheless dis- 
torted. 


I agree completely that we have distor- 
tions and aural harmonics. They are real, but 
I believe they are physiologic. The ear is ac- 
customed to dealing with peak-limited waves. 
We get them physiologically and we get them 
from many of our communication systems, 
and as far as communication is concerned, the 
ear tolerates this kind of distortion extremely 
well. Peak clipping must be very extreme to 
destroy intelligibility even though the quality 
deteriorates and things sound harsh and tinny. 


I believe that it is in the ability of the ear 
to do a job of discrimination and synthesis 
that the real failure occurs in abnormal ears. 
It is not that nonlinearity is more or less, 
but that the ability of the ear to deal with the 
distortion products is not good. 

Now, with this point of view, it is still le- 
gitimate to use the threshold of detection of 
harmonics to test for abnormality. I think 
it is very significant that the threshold is more 
precise, with a smaller standard deviation, and 
that the whole phen menon is very prominent 
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in tests‘on abnormal subjects. The normal ear, 
apparently, can bypass the distortion, suppress 
it and hear around it, as it were, while the 
distortion stands out and makes trouble for the 
ear that is not entirely normal. 


Normal subjects apparently differ widely 
in their ability to hear the beats, but if the 
abnormal subjects do hear them more easily, 
the beats are the basis of something useful. 


We don’t need more tests; we need better 
tests. It is only by clinical experience and the 
kind of trial that Dr. Kos said he is going 
to make that we can arrive at any real evalu- 
ation and see what it is that this new method 
offers us. 


Dr. Lawrence: The discussers have indeed 
hit upon the essential problems involved in this 
new procedure, and in the initial presentation 
| think I aliuded to some of them as well as 
other difficulties. It is not possible to com- 
ment on all the items in the length of time 
remaining, so I would like, briefly, to cover 
only a few, commenting upon the remarks of 


Dr. Davis first. 


Dr. Davis observed that our understanding 
of the physiology underlying this test is in- 
complete, which serves to emphasize the state- 
ment I made, that a thorough analysis of the 
cochlear action involved in the distortion 
process has not yet been carried out and will 
involve considerably more investigation. Since 
we are agreed on this, there is no need to dis- 
cuss the problem further: it remains for fu- 
ture research. 


As to the question of the semantics of the 
word “overload,” there may be no need to 
worry about it. If the procedure proves to be 
universally practical, the term will be under- 
stood; if it does not, the question of its use 
is academic. 


Dr. Kos mentioned individual differences. 
He called attention to the fact that the stand- 
ard deviation seems to be a little greater in 
the cases of inner ear involvement. This may 
be due to the limited number of cases report- 
ed, which, as a matter of fact, may have af- 
fected all the statistics shown. The important 
thing is that there is a marked difference be- 
tween the linear range of hearing in those 
individuals with a conductive loss and that 
found in those with involvement of the inner 
ear. 


The extent of the standard deviation in pa- 
tients with involvement of the inner ear may, © 
however, be related to the question raised by 
Dr. Walsh. This concerned the possibility of 
the procedure having a quantitative value, in 
that there is a linear range of from 50 de- 
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cibels to no range at all: overloading occur- 
ring at threshold. There does seem to be some 
indication that if the range is restricted, the 
amount of restriction expresses the severity 
of the involvement of the inner ear, but this 
interpretation requires the amassing of con- 
siderably more data. 


In the case of a mixed deafness the sug- 
gested procedure seems to have its greatest 
value in that it is possible to reveal inner ear 
involvement in the face of quite severe con- 
ductive loss, and so cautions the otologist con- 
templating surgical procedures. 


Dr. Kos also mentioned the fact that the 
normal ear showed a range of from 5 to 8&0 
decibels. The distribution tails off considerably 
at this lower end, and in all the measurements 
we have made we have had only one individu- 
al with normal hearing and a linear range of 
only 5 decibels. Similar measures that have 
been made in industrial concerns have also 
shown an extensive spread but, here again, 
those with shortened linear ranges become 
fewer in number the shorter the. range. 


I will give a quick answer to the question 
about test-retest reliability. This is a fairly 
difficult procedure to carry out. It takes con- 
siderable practice in maneuvering the explor- 
ing tone in that it involves an understanding 
of how these harmonics grow in the ear as 
it is driven further into the region of non- 
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linearity. One of the industrial concerns that 
has employed the procedure has reported pri- 
vately that they used five different operators 
to give the test to several individuals before 
they proceeded with an over-all study. At each 
frequency employed, the results agreed with- 
in 5 decibels. In view of the difficulties of 
giving the test, this is rather remarkable, but 
apparently the test is reliable if the technique 
involved is understood. 


We have little information on the charac- 
teristics of the linear range of hearing in the 
presence of an acoustic nerve tumor. It is dif- 
ficult to interpret just how these responses of 
a normal or abnormal inner ear would be per- 
ceived through a damaged nerve. 


One last comment related to the statement 
that there need be no supplementary test for 
the comparison of bone and air conduction if 
these latter measures are properly performed 
and interpreted. If it is possible accurately to 
determine the extent of the cochlear reserve 
by means of bone conduction, air conduction 
and speech discrimination tests, then we ought 
to have no more complaints from surgeons 
who operate on the middle ear that lack of 
success 1s due to some undetected inne- ear 
involvement. 


I wish to thank the discussers for their 


thoughtful consideration of the data presented 
here. 
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THE USEFULNESS OF THE BINAURAL HEARING AID 


RAYMOND CARHARTT, PH.D. 


EVANSTON, ILLINOIS 
BY INVITATION 


Tue development of ultraminiature 
hearing aids has greatly increased the 
practicality of specifying their binaural 
use. The clinician must, in consequence, 
be alert to the advantages and limita- 
tions of the binaural system. He must 
have clearly defined criteria for the hard- 
of-hearing patient. 


A wearable binaural device employs 
two complete hearing aids, one for each 
ear. Since the sound patterns striking 
the microphones of the two hearing aids 
are not identical, the sequence of excita- 
tory events reaching one ear is not only 
independent of but also different from 
the sequence reaching the other ear. It is 
this fact which gives the binaural system 
its potential for sharp superiority over 
either a monaural system or an arrange- 
ment by which one amplifier supplies 
stimuli to both ears. 


To explain: The world of sound as- 
sumes full three dimensionality only 
when the capacity for spatial localiza- 
tion can be used to its fullest. Normal 
ability to distinguish sounds of biological 
and social importance in unfavorable 
listening situations requires that two in- 
dependent sequences of neural events, 
one from each inner ear, activate the 
central nervous system. Under such cir- 
cumstances sources of sound are more 
effectively localized than when a single 
train of neural events is present or when 
the two trains are identical. When inde- 
pendent sequences of neural events are 
present, the listener can distinguish more 
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effectively among competing sounds aris- 
ing from different points in his environ- 
ment. This capacity allows him to hold 
his attention on the stimuli which are at 
the moment important even though the 
situation is, acoustically, quite chaotic. 
To restate in the language of the psy- 
chologist: foreground and background 
relationships can be more effectively 
crystallized when three dimensionality is 
preserved in the auditory environment. 


As viewed by the physicist, the capac- 
ity to localize sound depends on the fact 
that the two ears are separated by the 
head. In consequence, the _ listener 
achieves an auditory triangulation on 
every source of sound. The specifics of 
this triangulation vary precisely with 
the location of the source in relation to 
the listener. The situation is illustrated 
schematically in figure 1. The two ears 
will receive identical acoustical excita- 
tion only when the source is in the mid- 
line sagittal plane, as exemplified by 
position A in the figure. Any other loca- 
tion of the source, for example, position 
B, produces bilaterally dissimilar acous- 
tic excitation because the paths to the 
two ears are no longer the same. Physi- 
cally, the two stimuli must now be dif- 
ferent in one or more of the following 
dimensions: (1) intensity, which will be 
affected by the distance from the source 
and the diffraction effect of the head; 
(2) time of arrival (phase), which will 
depend on relative distance from the 
source; and (3) spectral composition, 
which will be determined by the diffrac- 
tion effects of the head. 
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which exist between the physical dimen- 
sions of a pure tone and the precision 
with which the source of this tone can 
be identitied.* The rules for localization 
of complex sound and the role of local- 
ization in everyday listening are less 
fully defined by precise research. How- 
ever, the contribution of binaural recep- 
tion to ordinary adjustment is clearly 
apparent to the alert observer. Koenig,! 


/ 


LISTENER 


FIG, 1 


for example, reported after he controlled 
listening situations systematically that a 
hopeless jumble resulted when listen- 
ing with only one pickup whenever sev- 
eral conversations were going on si- 
multaneously. In contrast, he states: 


With the binaural system, each party could 
be distinguished separately and it was fairly 
easy to understand everything that was said. 
[Moreover] . . . it was possible to understand 
speech under conditions of extremely high 
room noise. . 


Finally, Koenig noted that very intense 
sounds were tolerable when heard with 
both ears. This “squelch” effect appears 
to be a further advantage of a binaural 


system. 


THE BINAURAL 


) 
/ 


HEARING AID 12) 


Years ago both theoretical considera- 
tions and everyday observation led to the 
belief that binaural hearing aids should 
bring added benefit to many patients with 
auditory impairment. The prime requi- 
site, according to this view, was that the 
impairment be one where bilateral stimu- 
lation was still possible. This belief, for 
example, lay back of the interest shown 
at the Psycho-Acoustic Laboratory, ove1 


POSITION 38 


POSITION A 


Schematic diagram illustrating acoustic triangulation of sound sources. 


a decade ago, in developing a prototype 
for a wearable instrument with two com- 
plete amplifying channels. Concurrently, 
both in military centers for aural re- 
habilitation and in civilian practice, spo- 
radic attempts were being made to equip 
patients with two conventional aids. 
These patients were urged to employ 
dual amplification throughout the day. In 
such instances, the aids were selected 
from among the instruments currently 
available on the commercial market. 


Such attempts almost always failed, 
even though it could be clearly demon- 
strated that auditory efficiency was en- 
hanced when two aids were used. Most 
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wearers felt that the disadvantage of 
carrying two large aids on the chest out- 
weighed the additional benefit in hearing 
which was gained. Thus, the only pa- 
tients who could be induced to tolerate 
binaural fittings were those with particu- 
lar need for maximum auditory effi- 
ciency. 


The case reported in figure 2 relates 
to one such individual, who was supplied 


AVDIOMETRIC 
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ACAD, OPHTH. 
While wearing only one, for example, 
he could tell the direction a car was 
traveling only after it had passed. By 
contrast, with two aids he could deter- 
mine, at 150 feet, the direction from 
which it was approaching. It is not nec- 
essary to emphasize the survival value 
which differences of this type have for 
a blind man. Needless to say, the patient 
wore both aids. 
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REMARK: Patient blinded by land sine, which 
also produced hearing loss. 

city te lecalise sound very poor 
with only ome aid,but highly effecient with two, 


FIG. 2—Test results yielded by a patient with bilateral nerve deafness and illustrating extra benefit from a 


binaural hearing aid system. 


with a binaural hearing aid system in 
1944. This man had lost his sight and 
much of his hearing in an explosion 
which occurred some months earlier. His 
unaided binaural loss for speech, as de- 
termined with spondaic words, was 66 
decibels. This result was reasonable in 
view of the configuration of his pure 
tone audiogram. His residual loss while 
wearing a single instrument was 24 dec- 
ibels for the left ear and 22 decibels for 
the right ear. His residual loss was only 
10 decibels while wearing two instru- 
ments at the same time. Moreover, his 
ability to follow group conversations and 
to localize environmental sounds was in- 
finitely better with two instruments. 


Such examples were the exception. 
Moreover, there was no appreciable in- 
crease in the acceptance of binaural 
hearing aids as long as instruments had 
to be worn on the body. In view of the 
notable reductions in size which were 
achieved by the industry as years passed, 
one must therefore doubt whether the 
cumbersomeness of early instruments 
was the prime reason for the clinical 
failure of the binaural hearing aid. A 
more reasonable conclusion seems to be 
that there is a limitation to any binaural 
system which requires that the two aids 
be placed on the torso. The reason is 
probably to be found in the fact that no 
practical arrangement of the two instru- 
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ments on the body can place them in a 
sound field that reproduces the acoustic 
relations which exist at the two ears. For 
one thing, the general patterns of sound 
diffraction induced by the body are un- 
like those produced by the head. Sec- 
ondly, the response of the hearing aid it- 
self is changed by the so-called “body- 
batile’”’ effect.) This change is unpredict- 
able because it depends on the dimen- 
sions of the instrument, upon the exact 
position where it is being worn, and 
upon the relative location of the sound 
source. In the third place, as long as 
practical considerations require that the 
two aids be worn on the front of the 
body, the contrast in acoustic patterns 
will be less than if full lateral position- 
ing of the instruments were employed. 
Finally, if it were practical to employ 
such positioning the instruments would 
be separated by a much greater distance 
than the width of the head. 


The foregoing limitations were over- 
come as soon as hearing aids were re- 
duced in size to the degree at which it 
became feasible to wear them at ear 
level. Today many instruments of this 
type are available. Some of these in- 
struments attach to the frames of 
glasses, other are cradled above and be- 
hind the auricle, while still others slip 
into the ear canal. They possess one 
critical feature in common; namely, the 
microphone which picks up the sound is 
in the immediate vicinity of the ear 
which the instrument activates. Two 
acoustic advantages are consequently 
achieved. First, the microphone now 
receives sound patterns which have been 
modified by the diffraction effects of 
the head rather than of the body. Sec- 
ond, when two units are employed to 
achieve binaural reception, their micro- 
phones constitute pickup points roughly 
equivalent to the two ears in their sepa- 
ration and their other physical relations. 
In consequence, many hard-of-hearing 
persons are now finding the practical 


benefits of the binaural system great 
enough both to overcome reticence 
against wearing two aids and to compen- 
sate for the extra cost of the second in- 
strument. However, several limitations 
still restrict the usefulness of binaural 
hearing aids. 


The first restriction is that instru- 
ments which can be easily worn at ear 
level are so small that they must be sim- 
ple in construction. Circuity is uncom- 
plicated, controllable variability of fre- 
quency response and of other perform- 
ance features is not great, and behavior- 
al characteristics are dictated in part by 
the rigor of space restrictions. Thus, 
these instruments serve best where the 
need is for straightforward amplification 
rather than for special electro-acoustic 
features. 


' Second, the clinician should remem- 
ber that some of today’s ultraminiature 
hearing aids possess unfortunate me- 
chanical features, such as relatively ex- 
posed batteries, general flimsiness, awk- 
ward design of the volume control, and 
discomfort to the wearer. These factors 
need to be kept in mind when advising 
patients. 


In the third place, the effective gain 
of the instrument is going to be limited 
by the onset of feedback. In other words, 
usable amplification cannot exceed the 
level at which the instrument beg'ns to 
squeal because of self-excitation. Such 
feedback will ordinarily be acoustical. 
Acoustical feedback occurs more easily 
as the microphone is brought into closer 
proximity to the receiver and as sound 
radiating back to the microphone in- 
creases. The amount of such radiation 
often depends upon the snugness with 
which the earpiece fits into the auditory 
canal. However, excessive sound may be 
radiated directly from a poorly designed 
receiver. Occasionally, electrical feed- 
back may be encountered. The impor- 
tant point is that, in binaural use, the 
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ear level hearing aid is capable of only 
moderate amounts of amplification be- 
fore feedback is initiated. 


Bearing the foregoing factors in mind, 
it is easy to see that there are many pa- 
tients for whom the wearable binaural 
system is unsuitable. For one thing, the 
limitations on gain preclude its effective 
use by patients with severe losses. Again, 
it is difficult to achieve bilateral balance 
through binaural amplification when the 
two ears have highly asymmetrical au- 
diograms. The same is true when the 
degree of loss is quite different in the 
two ears. 


Conversely, many patients who exhibit 
moderate losses with reasonable bilateral 
balance receive benefits from a binaural 
system which a monaural aid cannot 
match. These benefits show themselves 
(1) through increased ability to cope 
with noisy situations, (2) through great- 
er effective gain when the reception of 
faint sounds is critical, and (3) through 
a marked improvement in the precision 
of auditory orientation when the en- 
vironment is complex. The child for 
whom these benefits can be achieved has 
both his educational progress and his so- 
cial adjustment facilitated. The adult 
who experiences these benefits finds 
everyday life simplified. In extreme in- 
stances, the binaural system may effect 
dramatic restoration in efficiency. One 
hard-of-hearing physician, for example, 
was unable to find any monaural aid 
which allowed him to conduct his pro- 
fessional activities comfortably. He has 
been using a binaural system for the past 
two vears. He is enthusiastic about the 
ease with which he can now deal with his 
patients, and he would not consider re- 
verting to a single instrument. 


The wearable binaural systems of to- 
day not only improve efficiency for many 
patients who can achieve substantial ben- 
efit from a monaural aid, they also make 
the use of amplification feasible for a 
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large group of patients who do not ob- 
tain practical help from single-channel 
instruments. This group consists of peo- 
ple with mild losses whose two ears show 
reasonable bilateral equivalence of im- 
pairment. Many of these people find a 
monaural system more distracting than 
helpful except under the most uncompli- 
cated listening situations. Yet these peo- 
ple often have the need to hear relative- 
ly faint material in less favorable, albeit 
not really noisy, circumstances. The en- 
hanced capacity to establish figure- 
ground relationship which a_ binaural 
system allows often means successful 
hearing when otherwise difficulty and 
puzzlement would exist. The business 
executive with mild loss is one example. 
He often finds that with a binaural sys- 
tem it is much easier to follow the quick 
transitions from one speaker to another 
which characterize group conferences, 
directors’ meetings, and the like. Similar- 
ly, the lawyer, the librarian, the teacher, 
and others may have their efficiency en- 
hanced while performing professional 
tasks. Again, binaural hearing aids can 
provide significant benefit for many 
elderly persons whose mild presbycusic 
losses are not similarly helped by mon- 
aural aids. This benefit is experienced in 
group conversations, lectures, and the 
like. Remember that the phonemic re- 
gression which often accompanies pres- 
bycusis gives rise to auditory confusion. 
These confusions are multiplied by mon- 
aural amplification because such amplifi- 
cation disturbs the interaural balance in 
acoustic clues so necessary for the main- 
tenance of the proper differentiation be- 
tween foreground and_ background 
sounds. If an elderly person of this type 
is to benefit from amplification in those 
quieter situations in which he needs it, 
he must be given a hearing aid which 
does not trigger chaos in auditory per- 
ception. This requirement can often be 
met by a binaural instrument with good 
response characteristics. 
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The foregoing comments are general- 
izations. Unfortunately, awareness that 
wearable binaural systems can be oi 
great help to many patients does not give 
the clinician the guidelines he needs in 
order to make specific decisions regard- 
ing the usefulness of such a system for 
a particular patient. Such decisions re- 
quire two additional developments. 


l‘irst, essential clinical criteria must 
be clarified through research. Our fields 
lack the knowledge necessary for intelli- 
gent prejudgment as to each patient’s 
prospects for practical benefit from a 
binaural aid. Fortunately, some investi- 
gations in this area are underway, and 
the number can be expected to increase. 


Second, since the final proof of a 
hearing aid’s adequacy for a patient is 
the performance he achieves with it, the 
clinician must be able to gauge this per- 
formance directly. To this end, methods 
for appropriately testing a patient’s effi- 
ciency with a binaural system must be 
refined and standardized. These methods 
must impose the rigor and acoustic com- 
plexity necessary to simulate the diffi- 
cult listening situations of everyday life. 


Two procedures which are currently 
used to assess efficiency of hearing aids 
fail to satisfy this last requirement. 

The first one is the informal demon- 
stration of instruments. Such an ap- 
proach is too casual to give the informa- 
tion which is needed. Moreover, it lends 
itself either to conscious manipulation 
of conditions or to unconscious variation 
in the listening task, so that the relative 
merits of various fittings may be ob- 
scured. Finally, the listening task is usu- 
ally kept so simple in demonstration sit- 
uations that the results are meaningless 
as an indication of the perf@rmance the 
user may expect when auditory demands 
are exacting. ; 

The second procedure which is in- 
adequate for evaluating the binaural 
hearing aid is the formalized sound-tield 
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test administered through equipment 
with a single output channel. Such equip- 
ment is in widespread use because it 1s 
acceptable for assessing monaural in- 
struments. Its limitation for use with 
binaural aids rests on the fact that com- 
peting signals cannot be initiated at dif- 
ferent points in space if these signals 
must all travel through a common out- 
put stage. Obviously, the advantages of 
localization which binaural reception 
brings cannot be demonstrated when 
competing signals are all arising from 
the same spot. In recognition of this 
limitation, audiological facilities through- 
out the country are being improved ei- 
ther by adding second and fully inde- 
pendent channels to existing test instru- 
ments or by replacing these instruments 
with multichannel systems. 


The full clinical potential of such 
multichannel equipment cannot be 
achieved, however, unless the tests ad- 
ministered through it are more complex 
than used heretofore in evaluation of 
hearing aids.* Such tests are in process 
of perfection in various centers, and 
standardized versions worthy of wide 
acceptance should emerge. 


The fundamental requisite of such a 
test is that it explore the patient's capac- 
ity to perceive foreground and_ back- 
ground relationships in the acoustic en- 
vironment while wearing a_ binaural 
hearing aid. Thus, competing signals 
must be the critical feature of whatever 
new evaluative procedures are developed. 
Moreover, these signals must enter the 
test held from different points in space. 
One obvious version, which has been 
used by Markle,’ is the measurement of 
discrimination for PB-50_ materials 
when these are presented in notse. To 


*Some of the tests which are currently employed, 
such as the measurement of aided threshold in quiet, 
will continue to be valuable. The point is that such 
tests cannot yield all the information requisite for 
evaluating binaural systems. Hence, since clinical 
procedures must be as brief as practical, appropriate 
substitution of new tests for current procedures is 
essential. 


. 
1 
fet 
pe 


126 RAYMOND CARHART 


achieve a standardized test of this type 
it is necessary, of course, to specify the 
presentation level of the PB lists, the 
presentation level of the competing noise, 
the acoustic spectrum of the noise, and 
the physical relationships between sound 
sources and listener position. A second 
technique, which Wright has been re- 
fining at Northwestern University, is to 
bombard the patient with simultaneous 
samples of highly similar speech and 
to require that he attend to one of the 
competing trains of test items. A third 
alternative is one wherein the test mate- 
rial competes with itself, as occurs in 
everyday situations when reverberation 
and reflection of sound are severe. One 
simple procedure would be to reproduce 
each test item twice with only a small 
time delay between reproductions. This 
procedure may prove particularly criti- 
cal in differentiating ability to follow 
connected speech with various hearing 
aid combinations. In any event, the tests 
which will emerge as clinically valuable 
in defining a patient’s aided binaural ef- 
ficiency will be those which are realistic 
in measuring his aided perceptual capac- 
ity under unfavorable acoustic circum- 
stances. 


SUM MARY 


The usefulness of the binaural hearing 
aid will be more fully understood as 
research data and clinical experience ac- 
cumulate. However, progress of critical 
importance has already occurred. Most 
notable is the development of instru- 
ments which can be worn approximately 
at ear level. With a binaural aid of this 
type, the listener’s localizational skill al- 
lows him more easily to relegate mo- 
mentarily unimportant sounds to the 
background of attention. However, im- 
proved equipment and new tests are 
needed if one is to guide patients most 
adequately regarding their individual 
prospects for practical success with a 
wearable binaural aid. Meanwhile, em- 
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pirical trial has shown that present-day 
instruments can, through binaural fit- 
tings, bring enough added improvement 
to many persons with mild and with 
moderate losses so that their problems 
in everyday hearing are greatly sim- 
plified. 
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DISCUSSION 


Scott N. Recer, M.D., lowa City, lowa: 
Dr. Carhart’s paper has presented the known 
factors pertinent to the use, abuse, limitations, 
and evaluations of the effectiveness of binaural 
hearing aids so completely that I find myself 
orally bankrupt. I agree wholeheartedly with 
everything Dr. Carhart has said, and I am 
somewhat chagrined by the fact that I am un- 
able to contribute anything of significance to 
his paper; consequently I am reduced to a few 
brief anticlimactic remarks that are more or 
less self-evident. 


A benefit that automatically accompanies 
the use of binaural eye-level hearing aids is 
the elimination of clothing friction noises 
which produce detrimental masking effects in 
the type of device that is worn under the cloth- 
ing. A second advantage is the increase in di- 
rectional perception which results from move- 
ment of the head while hearing binaurally at 
the eye level. 


The psychological advantages of the eye- 
level aid, either unilateral or binaural, are 
fortuitous. Who among us ever convinced a 
patient who resisted the idea of wearing an 
aid that it was no worse to wear an instru- 
ment than a pair of glasses? Now we can say 
with the sincerity of an honest conviction that 
wearing a hearing aid is exactly the same 
thing as wearing eye glasses. 
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Any additional comment would be limited 
to expanding or emphasizing that. which al- 
ready has been stated adequately. 


This situation reminds me of the story 
about a certain wise preacher of the gospel 
who, in spite of an obvious lack of formal 
education, had attained an enviable reputation 
as an effective speaker. When asked the secret 
of his success, he replied, “I has no secrets, 
but when I stands up in front of my congrega- 
tion, first I tells "em what I’se going to tell 
‘em; next, | tells "em; then I tells ’em what 
done told ’em.” 


Victor Goopuitt, M.D., Los Angeles: I 
have been waiting for such a paper for a long 
time. I fully realize that Dr. Carhart did not 
discover binaural hearing. However, this is 
the clearest exposition of the importance of 
binaural rehabilitation of the deafened indi- 
vidual to come to my attention. We are all 
aware of the part played by binaural messages 
in the localization of sound in space. The 
“third dimensional depth perception” of hear- 
ing is not only important in survival, as point- 
ed out by Dr. Carhart, but also extremely im- 
portant in the reception and intelligibility of 
speech. Let us not forget that elusive and 
difficult to measure element called “quality of 
hearing” or clarity, which patients experience 
so distinctly binaurally and miss so definitely 
monaurally. 


The factors of time of arrival of acoustic 
messages, and attention have much to do with 
“listening” as a psychological function. Here 
also, binaural hearing plays a part. 


We who deal with deaf patients daily and 
advise the use of hearing aids have not been 
unaware of the advantages of binaural hearing 
aids, yet the technical problems which are now 
being solved rapidly did prevent our suggest- 
ing such binaural aids routinely. There are 
still many practical problems in this field 
which the audiologists and engineers must 
solve. However, it is evident that there are 
a number of fairly urgent indications for the 
head-worn binaural aid, even in its present 
early form. 


I consider as an urgent indication the case 
of the patient whose neural auditory lesion 
causes poor discrimination and precludes use- 
ful hearing with a monaural aid but does 
yield satisfactory discrimination with a bin- 
aural aid. May I cite the case of a young 
medical student with a bilateral sloping neural 
curve? His discrimination for speech with a 
monaural aid ranged from 32 per cent to 50 
per cent. With a binaural aid his discrimina- 
tion score jumped to 8&4 per cent. 
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The presbycusis patient who cannot wear 
any monaural aid will frequently (and sur- 
prisingly) accept with pleasure the hearing 
of a weak binaural aid, as mentioned by Dr. 
Carhart. 


In evaluating binaural hearing aid per- 
formance, the multichannel technique employ- 
ing a noise background has given us also a 
workable measurement of articulation scores 
in these cases. 


[ am quite sure that in a very short time 
most patients requiring amplification will re- 
ceive it from the binaural aid. This is no 
more unusual than the choice of binocular 
glasses over the monocle, which has now been 
relegated to a quaint item in history. 


Binaural hearing is also important in otolog- 
ic surgery. When the fenestration operation 
first became available to otosclerotic patients, 
success so delighted the patients that both 
patients and otologists were content to obtain 
useful monaural hearing. With the passage 
of time, it became evident that this patient 
was having trouble in localizing the source of 
a sound. He still was confused in group con- 
versation in identifying a speaker, and he still 
had the disadvantage of one deaf ear which 
invariably would be on the side next to an at- 
tractive young lady at the dinner table. 


Accordingly, today otologic surgeons will 
usually recommend binaural surgical recon- 
struction in fenestration, stapes mobilization, 
and tympanoplasty in most cases. There are 
exceptional situations when such advice is 
contraindicated. 


The psychologists will therefore be pleased 
to learn that those of us interested in restora- 
tion of hearing function are aware of the 
intricate central circuity of the auditory ap- 
paratus and that through either surgical or 
prosthetic methods we will attempt to give 
our deaf patients the use of two ears to de- 
liver the third dimension of sound—a very 
important faculty and a real help to survival 
in a confused world. 


KENNETH M. Day, M.D., Pittsburgh: I 
guess you can call me exhibit X. I agree com- 
pletely with Dr. Carhart’s idea about binaural 
aids. The one thing that bothers me is clinical 
adaptation. I think you will find it quite diffi- 
cult to persuade a harding-of-hearing subject 
to wear the aid in both ears. I have been try- 
ing for twenty years to get some of my pa- 
tients to wear a hearing aid wired to both 
ears, the way I have worn one for twenty 
vears. It has been only in the past two years 
that I have been able to wear two hearing 
aids. Before that, whenever I tried I would 
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get doubling of sounds because the aids would 
not synchronize. I need much amplification 
and cannot wear an aid close to my ears be- 
cause of the feedback and squealing. I do 
very well with a hearing aid in my shirt 
pocket. 


Several years ago I had my hearing ana- 
lyzed at our Department of Audiology. I had 
30 per cent discrimination in one ear and 20 
per cent in the other. With a hearing aid wired 
to both ears, this improved to 48 per cent. This 
alone shows the added help that can be ob- 
tained by using both ears with which to hear. 
Two years ago I announced to my friends 
that it was the last Academy meeting I would 
attend because of my difficulty in understand- 
ing and because of excessive noise. However, 
since | have been wearing two separate aids 
I have been partially rehabilitated. For the 
first time in many years, music became pleas- 
ant, and I began to obtain depth perception. | 
still cannot get the direction of sounds very 
well, but the sense of depth and distance has 
been a tremendous help. I think the binaural 
aid will be especially helpful for individuals 
with excessive loss of hearing in both ears. 
In the minority who have disproportionate 
loss between the two ears, the binaural aid 
might not work. 


The biggest difficulty in selling the binaural 
aid is connected with the artificially produced 
conductive deafness due to having both ears 
blocked. This causes distortion of the voice 
and it takes considerable time to modulate the 
voice properly. In this respect it might he 
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helpful to start the patient off with a binaural 
aid and not give him the opportunity to wear 
an aid in one ear for a considerable time. 


Dr. CARHART: Let me say, first, that I am 
especially pleased that Dr. Day said the 
things he did. He pointed out much more ade- 
quately than I could the practical values of 
binaural hearing aids. In this connection, let 
me make this point clear. I would hate to 
have my earlier remarks interpreted as mean- 
ing that I do nct believe that binaural ampli- 
fication should be used by people with more 
severe hearing losses. However, there is a tre- 
mendous selling job to be done with many of 
these people. They are often resistant to the 
use of binaural instruments. One comes to the 
conclusion that the individuals with severe 
since they cannot wear instruments 
easily on the head because of the feedback 
problem, must have special need for maximum 
amplification before they are willing to use 
binaural instruments. 

One remark of Dr. Goodhill is especially 
valuable for us. He reminded us that we 
should be interested, not in binaural hearing 
aids, but in binaural hearing. He stressed that 
any system which will restore useful two- 
ear hearing to a patient who is hard of hear- 
ing is a very desirable thing. Obviously there 
are surgical or medical procedures which ac- 
complish this goal. 


I was especially pleased that Dr. Reger 
saw fit to point out that clothing noises, move- 
ments of the head for localization, and fac- 
tors of that kind are eliminated 
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FLOOR STAND MOUNTING FOR HIGH INTENSITY 
WOOD'S LIGHT 


LESTER STEIN, M.D. 
STEUBENVILLE, OHIO 


THE use of the high intensity H100- 
SP4 General Electric mercury-are lamp 
is facilitated by mounting the lamp and 
housing (as supplied commercially) 
upon suitable stands. 


mounting for 


FIG l loor 


high 
Wood's heht. 


stand intensity 


*Burton Manufacturing Company, Colorado Avenue 
at 26th Street, Santa Monica, California. 
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The use of the Luxo adjustable 
bracket is described in my recent paper 
on Ophthalmoluminescence.'! This floor 
stand model was fabricated* to permit 
more expeditious use of the hot lamp in 
the operating room and clinic, and for 
research purposes in photography of 
luminescent phenomena ( photoluminog- 
raphy). The floor stand has an adjust- 
able bracket, which can be raised and 
lowered, and can be mounted on caster 


wheels for movement (fig. 1). 


Inasmuch as all mercury-are lamps 
require a heating-up period for maxi- 
mum flux, it is best to position the lamp 
near the operating table after all draping 
of the surgical field is completed. About 
ten minutes before expected use, the 
lamp should be turned on and swiveled 
away to prevent interference during the 
initial surgical procedures. In the event 
of need for the detection of lenticular 
residue after an extracapsular lens ex- 
traction, it is moved back into place. The 
white lights are extinguished and the 
operative field luminesced with the con- 
centrated flux of Wood’s light. The 
lamp is used quite readily for bio- 
microscopy or chair diagnosis and pro- 
vides a safe method of utilizing the hot 
mercury-are source. 
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NEW CIRCLINE FLUORESCENT TUBE PHOTOKERATOGRAPH 


LESTER STEIN, M.D. 
STEUBENVILLE, OHIO 


PLacipo’s target disc of concentric 
circles is useful in revealing the tectonic 
nature and geometric curvature of the 
anterior corneal surface.' A photograph- 
ic record or keratograph of the specular 
reflections of an illuminated pattern of 
circles provided the basis for the 
Zeiss-Amsler model of kerato- 
scope camera (no longer manufactured ). 
The concentrically arranged triple cir- 


FIG. 1—Circline photokeratograph in use, showing 
integral chin rest and Jackson-Flexaframe supports. 


Acknowledgment: The Medical Maintenance Shop 
personnel of the Walter Reed Army Hospital aided 
the mechanical construction and made valuable prac- 
tical suggestions to simplify construction. Col. W. L. 
Spaulding (of the Eye Service) and Col. Austin 
Lowrey, Jr. (of the Ocular Research Unit) encour- 
aged completion of the project while the author served 
as ophthalmologist of the 350th Evacuation Hosp tal 
in July 1956. 
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cline fluorescent tube lighting fixture 
available commercially lends itself to the 
design of a simple keratograph (figs. 1 
and 2). This type of electrical fixture is 


FIG. 2——Oblique rear view of photokeratograph show- 
ing method of supporting the housing on the Jackson 
lab stands and the Exakta camera support. 


manufactuted by several concerns and 
widely distributed. A _ triple circline 
fluorescent tube ceiling fixture, a direct 
focusing, axially mounted 35 mm. reflex 
camera, a standard chin rest and labora- 
tory supports provide a serviceable pho- 
iokeratograph suitable for general usage. 


In keratoconus, cornea plana or 
keratoectasia, ulcerative or bullous kera- 
titis, high-degree astigmia, and embedded 
foreign bodies, the deformation of the 
specular reflections of the luminous 
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Placido target is definitive and diagnos- 
tic. With regard to keratoplasty, Amsler! 
Says: 


There is really only the Placido disc to 
reveal the initial state and successive phases 
of the adjustment of the graft to the form of 
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the cornea, and also the degree of geometrical 
success of the keratoplasty. 


REFERENCE 
1. Amsler, Marc: Special features of kerato- 
plasty. In Rycroft, Benjamin W.: Corneal 
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COMBINED WHITE AND BLACK LIGHT FLUORESCENT 
| LAMP EXAMINING UNIT 


LESTER StTetn, M.D. 
STEUBENVILLE. OHIO 


FIG. 1 
tubes, showing both 
Gaynor switches. 


tubes 


illuminated, 


THE average luminescing unit, such 


as the Burton hand magnifier,* 1s now 
constructed with electrical circuits which 
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*Burton Mfg. Co., 
Monica, Calif. 


Colorado Ave. at 26th St.. Santa 


Burton unit with one pair of black light and one pair of white light fluorescent 
intricacies of 


wiring and two single-button 


can use only one pair of 4-watt fluores- 
cent lamps at a time. It is difficult to 
change from white light to black light to 
provide rapid alternation of light for 
intensive study of luminescence of the 
ocular tissues. 


Precancerous alteration of the tissues 
of the eve can be determined by studying 
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FIG. 2—Appearance of nonenergized fluorescent 
tubes showing positioning. 


changes in luminescence of the anterior 
ocular segment and the ocular adnexae. 
A simple reconstruction of the Burton 
unit will provide an efficient method of 
incorporating and utilizing an extra set 
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of miniature bi-pin sockets, ballast and 
switch so that a double pair of fluores- 
cent lamps can be incorporated in the 
unit and alternation of white light and 
Wood’s light is facilitated (hgs. 1 
and 2). 


This setup permits rapid alternation 
of white light and black light flux with- 
out disturbing the mesopic state of the 
observer. After a few minutes of dark 
adaptation, light up the black light pair 
of lamps first and then, with the other 
hand on the white light button, illum- 
inate the white light pair to catch quick 
glimpses alternating with black light 
luminescence. binocular magnifier 
loupe for additional magnification is 
worn while peering through the magni- 
fying lens. Mounting the unit on the 
Burton fleximatic support lends mobility 
for chair diagnosis. 


AN INSTRUMENT FOR LAMELLAR KERATOPLASTY 


J. H. Kine, Jr., M.D. 
and 
S. B. CHavan, M.D. 
BY INVITATION 
C. W. FuRNEssS 
BY INVITATION 


WASHINGTON, D. C. 


It is often necessary to dissect a lam- 


From the Eye Research Section, Department of 
Surgery, Georgetown University Medical Center, 
Washington, D. C., and the Ocular Research Unit, 
Walter Reed Army Medical Center, Washington, 


This investigation was supported in part by a re- 
search grant, B-975 (R), from the National Institute 
of Neurological Diseases and Blindness of the Na- 
tional Institutes of Health, Public Health Service, 
and by the Lions 22C Eye Bank and Research Foun- 
dation, Washington, D. C. 


*Manufactured by Storz Instrument Company, St. 
Louis. 
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ellar graft from an excised donor cor- 
nea. Corneas preserved by dehydration 
in glycerin can be used with success 
equal to that obtained with fresh donor 
material, and these corneas are readily 
available for emergency application. It 
is more difficult to dissect the lamellar 
graft from an excised cornea. The cor- 
nea must be placed over a cork or a con- 
vex plastic button so that it can be fixed 
securely by pins as the trephine is ap- 
plied and the graft is dissected (fig. 1). 


A new instrument* resembling a 
chalazion clamp is useful for this pur- 
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Former Method — usin 


and plastic button 


of the cornea. 


Improved. Method— 
clam ne 
hemispherical steel 


paraffin plate, pins, 
lamellar dissection. 


using the new corneal 
having a retaining 
button... 


ring ana 


Ficure 1. 


pose. [he lower blade is convex, with its 
radius of curvature the same as that of 
the cornea. The upper blade is a circular 
ring and is made in two sizes, 8 mm. and 


11 mm., the surgeon’s choice depending 
upon the size of the lamellar graft to be 
excised. The ring slopes outward (on its 
inner surface) from above, down. The 


excised cornea is placed over the convex 
lower blade with the epithelial surface 
up. When the upper circular blade is 
closed and secured, the cornea is firmly 
fixed. The assistant steadies the instru- 
ment while the surgeon applies the tre- 
phine blade and completes the lamellar 
dissection in the usual manner. 
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HAND FUNDUS CAMERA 


Dan M. Gorpon, M.D. 
NEW YORK, NEW YORK 


Ficure 1. 


Dr. SatosH1 Noyort has invented a 
portable fundus camera which combines 
the principles of a direct ophthalmoscope 
and a monoflex camera. The film size 


From New York Hospital-Cornell Medical Centre, 
441 East 68th Street, New York. 


*This camera is now being revised to use 35 mm. 
film. 
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used is 16 mm., giving a picture much 
smaller than the Zeiss-type camera; if 
necessary, the picture can be easily en- 
larged.* 


A Xenon electronic flashlamp (50 
watt sec. in about 1/1000 sec.), powered 
by house current, is the light source. 


This camera, which should be avail- 
able in 1958, will simplify fundus pho- 
tography considerably, making it an 
easier and less expensive procedure. 
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SMALL CURVED PROBE FOR BERMAN LOCATOR 


Joun P. WENDLAND, M.D. 
MINNEAPOLIS, MINNESOTA 


Ficwvre 1. 


THe Berman locator has _ proved 
helpful in detecting and locating intra- 
ocular foreign bodies. the 
probe available has been straight and 
large, making its use behind the equator 
of the eve difficult. A smaller, curved 
probe is therefore highly desirable. En- 
gineering problems in the construction 
of a curved metal core and in the wind- 
ing of such a core have been overcome, 
and a new probe for use in the eye has 
now been designed (fig. 1). 


However, 


Since this probe is smaller than the 
original probe, some sacrifice in sensitiv- 
ity had to be made. Our experience with 
the original probe indicated that this re- 


*Manufactured by Berman Laboratories, 112-03 Rock- 
away Blvd., Ozone Park 20, N. Y. 
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duction in sensitivity could be done safe- 
ly. The new probe* has 60 per cent of 
the sensitivity of the original probe and 
will detect magnetic foreign bodies from 
a distance of approximately six times 
their diameter. 


We have been using only the new 
probe to locate intraocular foreign bod- 
ies, although it is conceivable that in a 
rare instance one might wish to use the 
straight probe first. Because the tip on 
the new probe is smaller in diameter, lo- 
cating any magnetic intraocular foreign 
body is more precise. It is vastly supe- 
rior to the old probe in locating foreign 
bodies posterior to the equator of the 
globe. 


Maximum accuracy is obtained when 
the probe is perpendicular to the surface 
of the sclera. It should not be boiled or 
cold sterilized. Sterilizable, thin rubber 
jackets are available for it. 
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A COLOR TELEVISION OPHTHALMOSCOPE 


AvBertT M. Ports, M.D. 
CLEVELAND, OHIO 
and 
Murray C. Brown, M.D. 


BETHESDA, MARYLAND 
BY INVITATION 


Illuminating 
System of 


Objective of BeL 
Fundus Camera 


May Ophthalmoscope 


| 
100mm Color 
Orthicon 
motion 
picture 
camera lens 


FIG. 1—Image tube TV ophthalmoscope. 


THE production of an accurate color 
image of the fundus oculi on a television 
monitor screen is desirable for a number 
of reasons. None of these reasons has to 
do with routine physical examination, 
for which the hand ophthalmoscope 1s 
unchallenged. Perhaps the most obvious 
situation in which a color television 
image is useful is in the teaching of oph- 
thalmoscopy. Simultaneous visibility to 
all in a large audience, the ability of the 
teacher to demonstrate the exact lesion 
under discussion, and the immediate 
availability of the patient for compari- 
son with the direct ophthalmoscope are 
all highly desirable features. 


A more remote but not unthinkable 
application is that of long distance con- 
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sultation in which the fundus lesion of a 
patient may be viewed by a consultant 
physician many miles away. 

In addition, color values may be pur- 
posely distorted to better demonstrate a 
particular lesion. The classical view with 
so-called “red-free light’’ may now be 
truly monochromatic, thanks to the avail- 
ability of interference filters and the sen- 
sitivity of the television tube. Indeed, by 
color translation techniques, wave lengths 
in the ultraviolet and infrared invisible 
to the unaided eye may be utilized for 
examination and appear in color on the 
television screen. 

In addition to these potential clinical 
applications there are a number of re- 
search applications which are of value. 
Using a series of monochromatic filters, 
one could actually measure the absorp- 
tion spectrum of a lesion as an aid to 
categorizing it. By selecting a single line 
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electronically trom the television picture, 
one can display blood vessel diameters 
as peaks and valleys on a cathode ray 
oscilloscope screen and record the dy- 
namic changes in these dimensions on 
magnetic tape for later analysis. Thus 
vasospastic disease and the pharmaco- 
dynamics of vasomotor drugs may be 
studied with facility. 


With the above considerations in 
mind, an apparatus was constructed by 
us to present a color television view of 
the ocular fundus (fig. 1). Illumination 
may be either by the May prism system 


shown or by zirconium are through the 
objective lens of the ophthalmoscope. 
The high aperture rear lens of the opti- 
cal system is an important feature of 
construction. The sensing device is a 
field-sequential (CBS) camera 
chain. 


color 


The resultant image is bright enough 
to allow cinematography with fast color 
film. Resolution of the monitor image is 
surprisingly satisfactory but allows of 
some improvement. Further development 
of the apparatus as well as investigation 
of its applications is now under way. 


RUBBER-TIPPED METAL APPLICATOR 


JosepH E. ALFANno, M.D. 
CHICAGO, ILLINOIS 


FiIGurRE |}. 


SOME ophthalmic surgeons use a cot- 


From the 
western 


Department of Ophthalmology, North. 


University Medical School, Chicago. 


Presented as a New Instrument at the Sixty-Second 
Annual Session of the American Academy of Oph- 
thalmology and Oct. 13-18, 1957, 
Chicago. 


Otolaryngology, 


ton applicator or cotton swab to retract 
or push aside the limbal based flap in 
cataract or glaucoma surgery. The rub- 
ber-tipped metal applicator (fig. 1) is 
preferable, since it averts the possibility 
that cotton fibrils may be left in the 
eve. 
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In Memoriam 


Inglewood, Califormia 
December 9, 1957 


William D. Louis, Missouri 
December 2, 1957 


Thomas Francis Gowen Corona Del Mar, California 
October 19, 1957 


Edwin A. Griffin Brooklyn, New York 
December 29, 1957 


William Henry Minton St. Joseph, Missour 
November 2, 1957 


Fritz Nelson Colorado Springs, Colorado 


Denis F. O’Connor 
November 2, 1957 


Sir John Herbert Parsons 
October 7, 1957 


Isadore M. Shapero Rochester, New York 
October 27, 1957 


Everett Hale Tomb l'ramingham Centre, Massachusetts 
October 25, 1957 


Hugh C. Wolfe Greensboro, North Carolina 
November 9, 1957 
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FIELD INVESTIGATION: 
USE OF DIAGNOSTIC PROCEDURES AND THERAPY IN UVEITIS 


The Council Advisory Committee on 
the Field Investigation Use of Diagnos- 
tic Procedures and Therapy in Uveitis 
(3-B-9023 [cl] ) has been given the final 
information on assembly of the kits of 
antigens and the brochure on directions 
for their use. Since tests for toxoplasnio- 
sis, brucellosis and leptospirosis will be 
made in the Public Health Communi- 
cable Disease Center Laboratory in 
Chambley, Georgia, special forms for 
use by ophthalmologists who send serum 
for testing will be furnished by the Ser- 
vice. It is proposed to have mailing tubes 
supplied with the kits. Replacements will 
be made directly from the laboratory. It 
is not necessary for ophthalmologists 
who are engaged in this investigation to 
send sera for toxoplasma tests through 
the local Public Health Service. Full di- 
rections for use of the diagnostic anti- 
gens and comments on reading and re- 
porting the results of the various tests 
will be included in the brochure of di- 
rections. 


Preparation of the diagnostic kits is 


now underway, and it is the hope of the 
Committee that they will be ready by the 
first of May. Participation in the Field 
Investigation is anticipated from clinical 
centers where facilities for giving the 
tests and reporting the results are avail- 
able. As many of the tests involve read- 
ing of skin tests, it is hoped that collab- 
oration with allergists will be encour- 
aged. There are still some problems to be 
solved. The feasibility of using dispos- 
able syringes is being looked into. The 
Committee feels that to begin with, pa- 
tients with uveitis should be referred to 
a center where one technician makes the 
test and one ophthalmologist can super- 
vise the investigation and follow the 
course of the response to therapy. 


Diagnostic antigens will be sent free 
to ophthalmology clinics and hospitals 
for cooperation in the study. Requests 
for supplies of antigens for testing 
should be directed to the American 
Academy of Ophthalmology and Oto- 
laryngology, 15 Second St. S. W., 


Rochester, Minnesota. 
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AWARDS FOR ORIGINAL INVESTIGATION 
IN OTOLARYNGOLOGY 


Each year the American Academy of 
Ophthalmology and Otolaryngology of- 
fers awards for outstanding investiga- 
tive work performed during residency 
training. These awards are an expres- 
sion of the high value which the Ameri- 
can Academy of Ophthalmology and 
Otolaryngology places on original ef- 
fort as the basis of medical progress. 


The main purpose of the awards is to 
give recognition for outstanding investi- 
gations performed by young physicians 
who have focused their attention on Oto- 
laryngology. The Academy also hopes 
that the award program will provide an 
extra stimulus for those who have in- 
vestigative ideas as well as a stimulus to 
department heads to provide time and 
facilities so that their students can pur- 
sue these ideas. 


Separate awards will be given for clin- 
ical and for basic investigations in the 
broad field of Otolaryngology. The 
broad field of Otolaryngology includes 
the ear, nose, throat, nasopharynx, oral 
cavity, larynx, esophagus, tracheobron- 
chial tree and neck. Clinical investiga- 
tion is understood to mean any study in- 
volving human patients which con- 
tributes information regarding the symp- 
tomatology, etiology, diagnosis, course, 
complications, therapy, etc., of any oto- 
laryngological disorder. Basic investiga- 
tion includes any study which involves 
histological, physiological, audiological, 
experimental-surgical and other similar 
procedures or lines of investigation. Re- 
search may be both of the clinical and 
of the basic types, such as a study in- 
volving both humans and animals, and 
the Awards Committee will decide in 
which category such a manuscript is to 
be considered. 
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The competition is open to Doctors of 
Medicine who have completed at least 
one year of internship (not necessarily 
in the United States or Canada) and 
who began resident training in Otolaryn- 
gology no longer than five years past. 
Residency training must be in an ap- 
proved American or Canadian hospital 
but the contestant need not be an Ameri- 
can or Canadian citizen. The investiga- 
tive work must have begun during the 
normal three or four year residency pro- 
gram but may be completed afterward. 
The majority of the investigative work 
must have been performed by the con- 
testant, although he may acquire needed 
advice and technical assistance. The 
work need not be entirely original and 
may represent a continuation of research 
already in progress in a laboratory. The 
author’s name should appear on the title 
page. Co-authors may be listed, but the 
contestant must be the first author. 
When an equal contribution to the in- 
vestigation has been made by two or 
more qualified contestants, a_ letter 
should accompany the manuscript stating 
this fact. A cash award made for an en- 
try having two or more qualified authors 
will be divided equally between these 
authors. 

The Academy wishes to allow the con- 
testant complete freedom in the publica- 
tion of the manuscript. Thus, both pub- 
lished and unpublished papers will re- 
ceive equal attention so long as they are 
submitted within the time limitations in- 
dicated. Reprints will be accepted, if sub- 
mitted within one year of publication. 
Manuscripts must be typewritten and 
follow accepted style for journal publi- 
cation. An accompanying letter should 
state whether the manuscript has been 
published or has been submitted for pub- 
lication. 
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Judgments of merit will be based on 
scientific content as well as the manner 
of presentation. Manuscripts should con- 
tain a minimum of historical detail, re- 
view of the literature and statements of 
opinion. 

The manuscripts must be in the hands 
of the Secretary of the Subcommittee on 
Research of the Committee on Conserva- 
tion of Hearing of the American Acad- 
emy of Ophthalmology and Otolaryngol- 
ogy not later than October 1, 1958, for 
awards to be presented in October 1959. 

Awards will be made at the discretion 
of the Committee on Research and F'i- 
nance of the Council of the American 
Academy of Ophthalmology and Oto- 
laryngology and may be withheld if 
there are no manuscripts of merit. Cash 
awards shall not exceed six in number 


and shall not total more than $5000.00 in 
any one year. The award may be made 
for either clinical or basic research. Cer- 
tificates of Merit may be awarded for 
exceptional manuscripts not winning 
cash awards. Letters in support of man- 
uscripts will not be accepted by the 
Awards Committee. 


At the discretion of the Awards Com- 
mittee, one or two of the first award 
papers may be recommended for presen- 
tation at the annual meeting of the Acad- 
emy. 


Harotp F. SCHUKNECHT, M.D. 
Sec’y, Subcommittee on Research, 
Committee on Conservation of 
Hearing, American Academy of 
Ophthalmology and Otolaryn- 
gology 
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EVALUATION OF THE “PHOSPHENATOR” DEVICE FOR THE 
DETECTION OF INCREASED INTRAOCULAR TENSION 


LEONARD T. KURLAND, M.D. 


F. STERLING Davis, Jr., U. S. Army, M.C. 
and 
Davip SACHS 


BY INVITATION 


LARRY C. KERPELMAN 
BY INVITATION 
WASHINGTON, D. C. 


ACCORDING to recent reports by 
Humphrey and Murgolo,** application, 


for a few seconds, of a low voltage, low - 


amperage electric current to the skin 
bitemporally just behind the eyes “will 
excite the optic end organs so that a 
bluish-white phosphene (light sensation ) 
is observed by the normal eye, while in 
the case of increased intraocular pres- 
sure the patient reports yellow, orange, 
or red phosphenes.”’ The test is easily 
and rapidly performed, and “it is not 
necessary to contact the eye at any 
time.’’> The advertisement and the bro- 
chure which accompanies the Phos- 
phenator device manufactured by the 
Hausted Company of Medina, Ohio, 
state that this is a “new electronic in- 
strument for the rapid diagnosis of glau- 
coma and macular and peripheral loss 
of vision.”! 


Since glaucoma is a major ophthal- 
mologic problem in the older population, 
a method of glaucoma detection which 


Dr. Kurland is Chief, Epidemiology Branch, National 
Institute of Neurological Diseases and Blindness 
(NINDB), National Institutes of MHealth, Public 
Health Service, U. S. Department of Health, Educa- 
tion and Welfare, Bethesda, Md. 

Dr. Davis is Chief, Ophthalmology Research Unit, 
Walter Reed Army Hospital, Washington, D. C. 
David Sachs and Larry C. Kerpelman are student 
employes in the Epidemiology Branch and the Bio- 
metrics Branch, respectively, NINDB. 


is accurate, simple, and atraumatic would 
be of obvious advantage. The present 
investigation was undertaken to deter- 
mine the validity and reliability of the 
Phosphenator in selecting individuals 
with increased intraocular tension and in 
identifying persons known to have glau- 
coma. 


METHOD 


One hundred and ninety-five male 
subjects from various wards in the U. S. 
Soldiers’ Home Hospital (USSHH) 
and 27 male and 22 female subjects at 
the Walter Reed Army Hospital 
(WRAH) were examined. The median 
age of the USSHH group was 72 years; 
that of the WRAH group was 61 years. 
There were several Negro patients in 
each group. 


The USSHH group consisted largely 
of elderly patients whose hospitalization 
was not necessarily related to any oph- 
thalmologic complaint. On the other 
hand, 36 of the 49 WRAH subjects had 


glaucoma* ; the others were normal sub- 


*The diagnosis of glaucoma on the patients included 
here had been made after thorough study at the 
WRAH Ophthalmology Department. The diagnosis 
was reached after routine ophthalmologic examina- 
tions as well as the following tests: 
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jects or patients with conditions other 
than glaucoma. The intraocular tension 
of the glaucoma patients was well con- 
trolled by miotics, by surgical interven- 
tion, or by both, in 23 of the 36 pa- 
tients.+ Tension fluctuated-or was diff- 
cult to control in the other patients with 
glaucoma. 


The subjects at both the USSHH and 
WRAH were tested by a member of the 
investigative team, using a Phosphenator 
which was supplied by Dr. Carroll E. 
Humphrey. The testings were conducted 
in accordance with the directions in the 
Phosphenator brochure! and after pre- 
liminary instruction by Dr. Humphrey. 
Following a standard pretest introduc- 
tion, the subject’s responses to standard 
testing questions were recorded for each 
eye. The following questions were 
asked: (a) What do-you see? (If no 
response, Do you see a_ flickering?) 
(b) If affirmative, What color is the 
fickering light in each eye? (c) Select 
the color from the chart which corre- 
sponds closest to the color you saw dur- 
ing the test. The standard color chart 
prepared by Dr. Humphrey has eight 
color discs: (1) white, (2) pale blue, 
(3) pale yellow, (4) bright yellow, (5 
and 6) shades of orange, (7 and 8) 
shades of red. According to Dr. Humph- 
rey, color responses 1, 2, and 3 are “nor- 
mal,” colors 4 to 8 are “abnormal re- 
sponses, indicating increased intraocular 


Each subject was then tested for color 
blindness and color comprehension by a 
member of the investigative team using 
standard Ishihara color cards. The 
USSHH subjects were then examined 
independently by two members of the 


1. Repeated tests of tension with different weights 
on different days 

Visual field examinations 

Provocative water tests 

Gonioscopy 

Where indicated, electrotonography 


3. 
4. 
5. 


+The 36 glaucoma patients had been classified as fol- 
lows: open angle, 24; narrow angle, 7; secondary, 5. 


investigative team, each using a stand- 
ardized Schigtz tonometer. The WRAH 
group included many patients who had 
had extensive ophthalmologic studies 
previously, and a single tonometer read- 
ing was taken shortly after the Phos- 
phenator and Ishihara tests were carried 
out for the subjects in that group. 


It should be stressed that in every in- 
stance the results of the Phosphenator, 
Ishihara, and tonometer tests were 
known only to that member of the in- 
vestigative team who administered the 
particular test. No information relating 
to the condition of the eyes was obtained 
from any of the subjects prior to the 
recording of the test results. 


Results of the various tests were com- 
bined for each subject and appropriate 
statistical evaluations were then carried 
out. 


RESULTS 


Most of the subjects in both the 
USSHH and WRAH groups responded 
to the Phosphenator tests in the “expect- 
ed”’ manner, that is, they gave a straight- 
forward description of the flickering and 
the color and selected a color from the 
chart which corresponded to the descrip- 
tion. Many other subjects either de- 
scribed a color which was not compatible 
with that which they selected from the 
chart, insisted they saw nothing, or were 
unable to select any color from the chart. 
Thus, the subjects were categorized, on 
the basis of these factors, into three 
groups: 


1. Acceptable (A)—The subjective 
description of the color sensation 
produced by the Phosphenator 
stimulus was in agreement with 
the color chosen from the color 
chart. 


2. Questionable (Q) — The subject 
was undecided and altered his 
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TABLE | 


CLASSIFICATION OF PATIENTS BY TYPE OF RESPONSE TO PHOSPHENATOR TEST 


USSHH 


CATEGORY OF 


WRAH 


RESPONSE NU MBER 


Acceptable 
Questionable 
Unreliable 


Tota! 


PER CENT 


NU MBER 


PER CENT 


choice of color, with or without 
repetition of the Phosphenator 
stimulus. 


Unreliable (U )—The subject was 
unable to describe what he ob- 
served or there was gross inconsis- 
tency in the subject’s response. 


The categorization of responses for 
the subjects in both groups is presented 
in table 1. The percentage of acceptable 
replies was appreciably lower in_ the 
USSHH group, which included many 
very elderly and debilitated individuals. 
It is clear that even a simple test such 
as the Phosphenator has some limita- 
tions for population surveys if it requires 
comprehension of even elementary di- 
rections and a description of a subjective 
experience. 


The “acceptable” (A) subjects were 
then divided, on the basis of the Ishi- 
hara test results, into two groups: color 
normal (N) and color defective (D). 
The group whose response to the Ishi- 
hara test was unsatisfactory included in- 


dividuals with poor comprehension of 
the test as well as color blindness. Thir- 
ty-five of the 128 subjects in the A class 
of the USSHH group and 9 of the 43 
subjects in the A class of the WRAH 
group were found to be color defective. 

Statistical analysis of the results of 
the Phosphenator test and tonometer 
reading were then made for the 95 AN 
(“acceptable and normal Ishihara test 
result) subjects at the USSHH and the 
34 AN subjects of the WRAH group. 
The patient’s color selection for each 
eye following the Phosphenator stimulus 
was plotted against the corresponding 
tonometer reading. For the _USSHH 
group, the average of the two tonom- 
eter readings was taken, since these in- 
dependent readings were found to agree 
very well in almost every instance. 

The results of the tonometric exam- 
ination of 185 eyes for the USSHH 
group are summarized in table Il. In 19 
eyes (10.3 per cent), the average ten- 
sion was greater than 25 mm. Hg. Jn 
only one of these 19, however, was the 


Taste Il 


TONOMETER READING VeRSUS CoLor CHART SELECTION FOLLOWING PHOSPHENATOR 
STIMULUS FOR EAcH oF 185 Eves or 93 AN Patients at USSHH 


PHOSPHENATOR COLOR RESPONSES 


AVERAGE TONOMETER 
READING (MM. HG) 


0-24 


NORMAL 


ABNORMAL | rOTAL 


25 and over 
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TABLE III 
TONOMETER READING VeRSUS CoLoR CHART SELECTION FOLLOWING PHOSPHENATOR 


STIMULUS FOR EACH oF 67 Eves or 34 AN Patients AT WRAH 


TONOMETER READING 


PHOSPHENATOR COLOR RESPONSE 


(MM. HG) | NORMAL ABNORMAL TOTAL 4c 
0-24 2 53 

2 andover 0 14 
Total | 65 2 67 


Phosphenator response abnormal. In 7 
eyes the tension was greater than 30 
mm. Hg, but in all these the Phosphena- 
tor response was the “normal” blue or 
white. On the other hand, an “abnormal” 
color response was reported for 6 eyes, 
but in only one of these was the tension 
suspiciously high. Re-examination sev- 
eral weeks later of the subjects with e1- 
ther abnormal Phosphenator responses 
or increased tension failed to affect these 
results materially.* 


On the basis of this analysis, it would 
appear that the Phosphenator results 
cannot be depended upon to differentiate 
subjects with increased tension from 
those with normal tension. 


In the 65 AN eyes of the WRAH 
group, there were 14 (21.5 per cent) 
with tension above 25 mm. Hg. Jn none 
of these was the Phosphenator color re- 
sponse “abnormal” (table IIT). Only 
one patient in the AN group gave an ab- 
normal Phosphenator response. This pa- 
tient, a 67-year-old man, had chronic 
open angle glaucoma. A left iridencleisis 


*Of the 7 subjects with an abnormal Phosphenator 
response and normal tension, 6 were still found to 
have tensions well within normal limits; their oph- 
thalmological examinations were negative in all other 
respects. One of the 7 had a tension of 26 mm. Hg 
in one eye, but results of his examination were 
otherwise normal. 

Thirteen of the 16 subjects (19 eyes) with sus- 
picious or increased tension were re-examined for 
glaucoma. Seven were found to have chronic open 
angle glaucoma; 5 were newly diagnosed cases re- 
sulting from these tonometry studies; 1 was con- 
sidered borderline and suspicious; and 5 were found 
to have normal tensions and no other evidence of 
glaucoma. 


four years previously and 2 per cent 
pilocarpine four times a day in the right 
eye had controlled the intraocular ten- 
sion, which on the day of this examina- 
tion was 12 mm. in the left eye and 17 
mm. in the right eye. 


Of the remaining 33 AN patients, all 
of whom gave a normal Phosphenator 
response, 10 were controls and did not 
have glaucoma and 23 were patients of 
the glaucoma clinic of the WRAH. 


Of these 23 glaucoma patients, 20 had 
wide angle glaucoma, 1 had narrow angle 
glaucoma, and 2 had secondary glau- 
coma. Tension was well controlled in 
most cases with miotics, with surgical 
intervention, or with both. However, 
tension was greater than 30 mm. Hg in 
one patient with a secondary glaucoma 
and in 3 patients with wide angle glau- 
coma; tension was between 25 and 30 
mm. Hg in 6 other patients with wide 
angle glaucoma, and in 1 other patient 
with secondary glaucoma. In each of 
these cases with an elevated tension, the 
Phosphenator responses were normal 
and equal in the two eyes, even when the 
tension was elevated in one eye only. 


On the basis of this analysis, we find 
the Phosphenator cannot be relied upon 
to identify glaucoma patients whether 
their tensions at the time of the exam- 
ination are elevated or not. 


The results of the comparison of in- 
traocular tension and the Phosphenator 
response for the two groups are sum- 
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TaBLe [IV 


TONOMETER READING VERSUS CoLor CHART SELECTION FOLLOWING PHOSPHENATOR 
STIMULUS FoR Eacu or 252 Eyes or 127 AN Supyects at USSHH ann WRAH 


TONOMETER READING 


PHOSPHENATOR COLOR RESPONSE 


(MM. HG) NORMAL 


PERCENTAGE 


ABNORMAL ABNORMAL 


0-19 133 


4 2.9 


20-24 79 


3 3.7 


25-29 21 


l 4.5 


30 and over 11 


Total 244 


0 0.0 
8 3.3 


marized in table 1V. The over-all fre- 
quency of an “abnormal” Phosphenator 
response was 3.3 per cent. There was no 
difference in the frequency of the ab- 
normal Phosphenator response with re- 
spect to intraocular tension. 


Further correlations by age, sex or 
race fail to add to these disappointing 
results. It might be stated that for the 
44 AD subjects (“acceptable” but Ishi- 
hara defective individuals) there was 
one patient with increased tension who 
had a normal Phosphenator color re- 
sponse; in this same group there were 
13 “abnormal” Phosphenator responses, 
but in all of these the tension was less 
than 25 mm. Hg. Seven of this AD 
group were patients from the WRAH 
glaucoma clinic ; all but one of the 7 had 
given a normal response to the Phos- 
phenator test. 


Although a tonometer reading above 
25 mm. Hg is believed to represent a 
suspiciously high intraocular tension, it 
can be seen from table IV that selection 
of 20 mm. or even 30 mm. Hg as the 
point of increased tension gave the same 
unsatisfactory results for the Phosphen- 
ator test. 


COM MENT 


This study fails to show that the 
Hausted Phosphenator, as developed by 
Dr. Humphrey, ts of value in detecting 


increased intraocular tension. This con- 
clusion holds whether the arbitrary se- 
lection of normal intraocular tension is 
20, 25 or 30 mm. Hg. The Phosphenator 
test provided equally poor results in lo- 
cating subjects with increased intra- 
ocular tension in the USSHH group and 
in identifying patients of the WRAH 
glaucoma clinic. 


An appreciable number of subjects 
failed to give an acceptable color re- 
sponse when tested with the Phosphena- 
tor stimulus. Some of these were senile, 
but many elderly subjects who were 
otherwise well oriented and cooperative 
could not describe the effect of the stim- 
ulus. This emphasizes the need for a 
screening device for glaucoma which is 
less dependent upon a subjective re- 
sponse. 


In passing, it might be pointed out 
that in contrast to the report by Humph- 
rey and Murgolo,’ we found it difficult 
to evaluate the field of vision with the 
Phosphenator device. 


There were very few complaints of 
discomfort when the stimulus was ap- 
plied, and, to our knowledge, the Phos- 
phenator test is harmless. 


Although in our hands the Phosphena- 
tor test had no merit as a means of 
identifying persons with increased in- 
traocular tension, further study might 
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seem worth while to determine why a 
few of those tested reported observing 
yellow, orange, or red phosphenes. 


SUMMARY 


The Phosphenator developed by 
Humphrey and now being widely ad- 
vertised and marketed for the “rapid 
diagnosis of glaucoma”’ was evaluated in 
a study of 195 elderly veterans at the U. 
S. Soldiers’ Home Hospital and 49 pa- 
tients and employes at the Walter Reed 
Army Hospital. Individuals who gave a 
poor response to the Ishihara color test 
and those who could not give a reliable 
response to the Phosphenator test were 
not included in the statistical evaluation. 
The tonometer and Phosphenator results 
are presented for 93 USSHH patients 
(185 eyes) and 34 WRAH patients and 
employes (67 eyes). The Phosphenator 
results failed to differentiate individuals 
with low or suspiciously high intraocular 
tensions. The Phosphenator response 
was “abnormal” in 7 of the 219 eyes 
(3.2 per cent for the USSHH and 
WRAH groups combined) with tension 
under 25 mm. Hg and in 1 of 33 eyes 
(3.0 per cent) with a tension above 25 
mm. Hg. In 32 of the 33 eyes with high 
or suspiciously high tension, a normal 
response to the Phosphenator stimulus 
was obtained. In the WRAH group, the 
Phosphenator was not a reliable means 
of differentiating the normal subjects 
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from glaucoma patients whether the ten- 
sions in the patients were well controlled 
or not at the time of the examination. In 
individuals wtih uniocular increased ten- 
sion, there was no difference in the Phos- 
phenator response for the two eyes. 


CONCLUSIONS 

The Phosphenator was found to be of 
no value in detecting increased intra- 
ocular tension. Our results have failed 
to substantiate the claim that the device 
has merit in the diagnosis of glaucoma, 
since it failed to provide a reliable means 
of identifying known glaucoma patients. 
We believe there is a potential danger in 
the use of this apparatus because it may 
give a false sense of security regarding 
the absence of glaucoma to individuals 
tested by this device alone. 
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INTERNATIONAL ASSOCIATION OF SECRETARIES OF 
OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETIES 


Minutes of Annual Meeting 
October 15, 1957 


The Eighteenth Annual Meeting of 
the International Association of Secre- 
taries of Ophthalmological and Oto- 
laryngological Societies was held at the 
Palmer House in Chicago at 5:30 p.m., 
Tuesday, October 15, 1957, in conjunc- 
tion with the annual convention of the 
American Academy of Ophthalmology 
and Otolaryngology, the Association be- 
ing the dinner guests of the Academy. 


On the preceding October 12, a com- 
mittee, appointed to work with Dr. Wil- 
liam John Holmes toward the organiza- 
tion of the Asia-Pacific Academy of 
Ophthalmology, consisting of Drs. Ed- 
ley H. Jones, chairman, Moacyr Alvaro, 
Paul Craig, Dan DeStio, Archie Cru- 
thirds and Col. Austin Lowrey, M.C., 
held a meeting. On October 13 the exec- 
utive board held a meeting, with all mem- 
bers in attendance. On October 14 the 
Council held a luncheon meeting, attend- 
ed by President A. E. Cruthirds, Presi- 
dent-elect Dan DeStio, editor Paul 
Craig, directors Moacyr Alvaro, Harry 
Glick, Ricardo Fernandez, Lewis Mor- 
rison, Roland Myers, and Ernest I. 
Glenister (representing Dr. Viger), ex- 
ecutive board members Willard Goff and 
Roderick MacDonald, and secretary Ed- 
ley H. Jones. Their actions and recom- 
mendations were referred to the Asso- 
ciation and are incorporated in the fol- 
lowing minutes. 


During the dinner a register was 
signed by all attending. Following the 
dinner, President Cruthirds called the 
meeting to order and called on each one 
present to introduce himself and indicate 
the Society he represented. 


MINUTES OF PRECEDING MEETING 

Since the minutes of the last meeting 
had been distributed to each secretary, 
and had been printed in the TRANS- 
ACTIONS of the American Academy of 
Ophthalmology and Otolaryngology, it 
was moved that they not be read but ap- 
proved as printed. The motion was sec- 
onded and unanimously carried. 


PRESIDENT’S REPORT 
The president distributed a typewrit- 
ten report (attached to and incorporated 
in these minutes), supplementing it with 
a few remarks describing his trip through 
the Orient and his contact with ophthal- 
mologists in Oriental countries. 


SECRETARY-TREASURER’S REPORT 

The secretary reported the actions of 
the executive board in electing Dr. F. E. 
Murdock an active director to succeed 
Dr. Dan DeStio, president-elect; and 
electing Dr. Jesus V. Tamesis of Ma- 
nila a cooperative director. The secre- 
tary further reported that, as of Octo- 
ber 1, 1957, there were 67 paid active 
fellows, 3 paid associate fellows and 2 
honorary fellows; and that there was a 
cash balance in the treasury of $1,- 


097.87. 


The secretary read a letter from Dr. 
Jorge Balza of Buenos Aires regretting 
he could not attend. He also reported 
many notes on cards from foreign di- 
rectors expressing their regret at not be- 
ing able to attend and sending their 
greetings to those present. 


Editor Paul Craig reported that the 
Academy has continued to allot the As- 
sociation four pages in each issue, and 
thanked the membership for aiding him 


in furnishing copy. 


The president then called for commit- 
tee reports. 
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VI INTERNATIONAL CONGRESS 
OF OTOLARYNGOLOGY 


Dr. Paul Holinger reported that the 
VI International Congress of Otolaryn- 
gology was by far the best attended and 
most successful one held; and thanked 
the Association for its assistance, and 
for serving as host at a_ hospitality 
lounge for foreign visitors during the 
Congress. 


ASIA-PACIFIC ACADEMY 
OF OPHTHALMOLOGY 

The president then called on the secre- 
tary for a report on the Asia-Pacific 
Academy of Ophthalmology. The sec- 
retary explained that Dr. Holmes was 
unable to attend the Academy meeting 
because his presence was required at a 
meeting in San Francisco in November 
and he could not attend two meetings in 
this country held so close together. No 
attempt was made to review the volumi- 
nous correspondence, but the secretary 
reported that much progress had been 
made and that the ophthalmologists in 
the Asian-Pacific countries were defi- 
nitely interested. The secretary then read 
the report of the committee (described 
above), which had been approved by the 
executive board and by the council, and 
the latter body recommended adoption 
by the Association: 


The committee recommends that the Inter- 
national Association of Secretaries of Oph- 
thalmological and Otolaryngological Societies : 


Congratulate Dr. William Tohn Holmes on 
his wonderful work. 


Commend him for the interest he has 
aroused among ophthalmologists in the Asia- 
Pacific area. 

Express full appreciation of his spirit of 
cooperation and willingness to aid the organi- 
zation of the proposed Academy in any ca- 
pacity. 

Request Dr. Jesus V. Tamesis to further 
the organization by requesting the selection of 
a representative from organized groups in 
each country to work toward the perfection 
of the organization. 


Suggest considering the desirability of or- 


ganizing the otolaryngologists as well as the 
ophthalmologists, which may require a repre- 
sentative of each group in each country. 

Suggest that, when such a group is selected, 
they plan a meeting at which time officers can 
be elected and rules of organization can be 
adopted. 


Recommend that ophthalmologists from the 
western hemisphere attending the International 
Congress of Ophthalmology in Brussels in 
1958 return via the Orient to promote friend- 
ly international contacts; and aid in arranging 
schedules for those who do, and are willing 
to address meetings of interested ophthal- 
mologists. 


INTERNATIONAL COUNCIL 
OF OPHTHALMOLOGY 

Dr. Moacyr Alvaro then reported on 
the work of the International Council of 
Ophthalmology. He stated that the Asia- 
Pacific Academy of Ophthalmology was 
considered a fait accompli. He dis- 
cussed the progress made by the Council 
in improving teaching in ophthalmology 
in the various countries. He closed by 
stating that he felt that this Association 
was now entitled to a seat on the Coun- 
cil. 


GOOD-WILL AMBASSADOR 

Dr. Sam H. Sanders, who had been 
appointed a good-will ambassador by the 
Association on his recent trip to Europe, 
reported a warm and friendly reception 
during his visit, and that continental 
groups were interested in the work of 
this Association. 


AUDITING COMMITTEE 


The auditing committee, composed of 
Drs. Lewis E. Morrison, chairman, J. 
David Stratton and Roland H. Myers, 
reported that it had reviewed the finan- 
cial records of the Association and had 
found them neatly and correctly kept, 
and in perfect order, with a cash bal- 
ance of $1,097.87. The committee report 
was accepted and approved by motion, 
duly seconded and unanimously carried. 


NOMINATING COMMITTEE 
The president then called on the nom- 
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inating committee and Dr. Paul Craig, 
chairman, made the following nomina- 
tions: 


For president, Dr. Dan S. DeStio; 
for president-elect, Dr. Roland H. My- 
ers; for secretary-treasurer, Dr. Edley 
H. Jones; for editor, Dr. Paul Craig; 
for active director (for 3 years), Dis- 
trict 1, Dr. M. H. Barone (to succeed 
himself) ; District 4, Dr. Fred R. Guil- 
ford; and for District 6, Dr. Harry 
Glick (to succeed himself). 


The committee report was accepted by 
motion, duly seconded and unanimously 
carried. The president announced that, 
at the end of the meeting, he would call 
for further nominations from the floor 
and the election would then be held. 


CERTIFICATE OF MEMBERSHIP 

Under the heading of old business, the 
secretary read a letter from Dr. Peter 
Pastore suggesting that members of this 
Association be provided a certificate of 
membership. Dr. Pastore supplemented 
the letter by stating that this might 
arouse more interest among the individ- 
ual members and suggested that if the 
total cost were too much for the treasury, 
those secretaries who desire a certificate 
would individually pay for their own 
certificate. Dr. Stratton moved that the 
matter be tabled until next year, and 
that the president appoint a committee to 
study the matter and report at the next 
meeting. The motion was seconded and 
discussion followed. Dr. Murdock sug- 
gested that a receipt be furnished each 
member which would serve as a certifi- 
cate of membership. Dr. Craft urged that 
secretaries serve as long as possible ; and 
that the Association give them a certifi- 
cate after they serve five years. Dr. Pas- 
tore then suggested that a questionnaire 
be sent to the individual members. The 
discussion was closed and the motion 
was carried. 


AID FOR QUALIFIED FOREIGN STUDENTS 


At the last meeting, the Association 
approved the plan of aiding qualified 
foreign students to attain residencies in 
ophthalmology and otolaryngology in 
this country and some effort had been 
devoted to this matter during the past 
year. The council had discussed the mat- 
ter quite thoroughly and recommended 
that the function of the Association in 
this matter be to provide information to 
the applicant — not to obtain the resi- 
dency —the applicant to deal directly 
with the institution providing the resi- 
dency ; and that, to facilitate matters, two 


~ committees be appointed, one for oph- 


thalmological students, with Archie 
Cruthirds as chairman, and the other for 
otolaryngological students, with Willard 
F. Goff as chairman, the chairmen to se- 
lect the personnel of their committees. 
This action was approved by motion 
duly seconded and unanimously carried. 


INTERNATIONAL CONGRESS 
OF OPHTHALMOLOGY 

Urider the heading of new business, 
the secretary read a letter from Dr. 
Filippi-Babardi suggesting that those of- 
ficers and directors of this Association 
attending the International Congress of 
Ophthalmology in Brussels in 1958 hold 
a meeting during the Congress. It was 
moved, seconded and unanimously car- 

ried that such a meeting be held. 


Dr. Paul Craig then stated that this 
Association was entitled to a delegate to 
the International Congress and moved 
that Dr. Archie E. Cruthirds be elected 
delegate. His motion was seconded by 
Dr. Lewis Morrison and unanimously 
carried. 


HONORARY FELLOWSHIP 


The president then called on Dr. Paul 
Craig to make a presentation. After a 
few appropriate remarks, Dr. Craig pre- 
sented Dr. Moacyr Alvaro a certificate 
of honorary fellowship in this Associa- 
tion, with the enthusiastic applause of 
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those present. Dr. Alvaro modestly ac- 
cepted and expressed his appreciation, 
followed by more applause. 


ELECTION OF OFFICERS 


The president then called for further 
nominations for officers and directors 
from the floor. There were none, and the 
above listed nominees were elected by 
acclamation. 


The secretary then called the Asso- 
ciation’s attention to the matter of addi- 
tional directors, reporting that the coun- 
cil had recommended that there be two 
active directors from Canada, one from 
the eastern area and one from the west- 
ern area; that Dr. Cooper had suggested 
that another be elected from India to 
represent the otolaryngologists ; that Dr. 
Cruthirds had reported that there were 
4,000 ophthalmologists and 4,000 oto- 
laryngologists in Japan, and that an ad- 
ditional cooperative director should rep- 
resent the Japanese otolaryngologists ; 
and that Prof. J. Francois, secretary 
general of the European Society of Oph- 
thalmology, had suggested a director 
from their membership. The hour was 
late and it was moved, seconded and un- 
animously carried that the executive 
board be authorized to redistrict Canada ; 
elect a new director from Canada; and 
create and fill such cooperative director- 
ships as are indicated. 

There being no further business, the 
meeting adjourned. 

EpLeY H. Jones, M.D. 
Secretary 


President’s Report for 1956-57 
IV INTERIM CONGRESS OF PAN-AMERICAN 
OPHTHALMOLOGICAL ASSOCIATION WITH 
THE NATIONAL SOCIETY FOR 
PREVENTION OF BLINDNESS 
The meeting was held in New York 
City in April 1957. We cooperated in 
every possible way to provide publicity 
among ophthalmological societies. 


SIXTH INTERNATIONAL CONGRESS 
OF OTOLARYNGOLOGY 

This meeting was held in Washington, 
D. C., in May 1957. Our Association 
served as host at a Hospitality Lounge 
for Foreign Visitors. Shortly before the 
Congress convened, Lederle Interna- 
tional of American Cyanamid offered to 
serve as co-host, Lederle “picking up the 
check.” While that was nice, it was even 
nicer that several of their representatives 
who could speak foreign languages were 
in attendance. Drs. Goff, DeStio, and 
Edley Jones and I were there most of 
the time. We were delighted with the 
charming manner of the Lederle repre- 
sentatives as they made our foreign 
guests feel at home. Of course we did 
our best, too. 


EXCHANGE OF PROGRAMS AND 
PROGRAM PLANNING 

This Association embraces local, sec- 
tional, state, regional, national and in- 
ternational groups. One of our objec- 
tives is the improvement of programs 
for all groups. Would it be of interest 
to secretaries of the same group of so- 
cieties to exchange programs? This is 
one of the matters we have had under 
consideration, and if you feel that such 
an exchange of programs would be ben- 

eficial, please write to the secretary. 


NEWS AND EDITORIALS 

Dr. Benedict has graciously continued 
to give us space in the TRANSACTIONS of 
the American Academy of Ophthalmol- 
ogy and Otolaryngology. We have pub- 
lished pertinent editorials and informa- 
tion. Please send your programs and 
other news to our Editor, Dr. Paul C. 
Craig, 232 North Fifth St., Reading, Pa. 


FOREIGN 


RESIDENTS 

Last year Dr. William John Holmes 
of Honolulu and others suggested that 
this Association could aid qualified for- 
eign physicians to obtain residency train- 
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ing in this country. Three applications 
were received during the year. They 
are under consideration. 


ASIA-PACIFIC ACADEMY 
OF OPHTHALMOLOGY 

Last year this Association authorized 
Dr. William John Holmes of Honolulu 
to study the possibilities and perhaps be- 
gin the organization of such an Acad- 
emy. 

It was a fortunate coincidence that I 
had already planned a world tour. In 
India my wife and I were honored by 
being the guests of Dr. and Mrs. Sorab 
Cooper. While attending the All-India 
Ophthalmological Society I enthusiasti- 
cally endorsed the Asia-Pacific Academy 
of Ophthalmology. We had a very en- 
joyable visit in Manila as the guests of 
the Philippine Society, thanks to Dr. 
Jesus Tamesis and the Ocampos (hus- 
band and wife). There I also found 
much interest in an APAO. 


In Hong Kong we found the local so- 
ciety in favor. In Japan I was more than 
amazed to find well organized groups to- 
talling more than 4,000 ophthalmologists 
and 4,000 otolaryngologists, entirely sep- 
arate specialist groups. The Japanese, 
too, were enthusiastic about an APAO. 


Dr. Tamesis of Manila was particu- 
larly and articulately interested in the 
APAO. He was recently in the United 
States as an invited scientific speaker. 
While here he honored me with a visit 
and also visited with Colonel Lowrey in 
Washington. Dr. Tamesis made certain 
suggestions which he thought essential 
to the formation of the APAO;; for in- 
stance, he suggested that it should be an 
Asia-Pacific Academy of Ophthalmology 
and Otolaryngology. All of his sugges- 
tions are under study by our Board and 
Council and by a special committee. 


During the past year the Executive 
Board has been a “working team.”’ We 


believe we have accomplished certain 
things. What we have done is the result 
of a pooling of all of our efforts. | want 
to thank particularly the past president, 
Willard Goff; the incoming president, 
Dan DeStio; the editor, Paul Craig; an 
executive board member, Rod MacDon- 
ald ; and, most of all, our secretary, Ed- 
ley Jones, for their aid, encouragement 
and assistance. 


There is no question about the desir- 
ability, yea, the necessity of worldwide 
understanding and cooperation. As 
American ophthalmologists and otolar- 
yngologists we have a major responsi- 
bility, commensurate with our advan- 
tages and enjoyment, to do everything 
we can for international friendship. If_ 
we hope to gain friendship, we must not 
turn our potential friends into mere re- 
cipients. We must not talk down to them 
and make them feel that they are infe- 
rior. They definitely are not! We have 
very much to gain from mutual relations. 
The free exchange of ideas and informa- 
tion and the building of confidence 
should be our gift to foreign physicians. 
They are proud, and justly so, of what 
they have accomplished under consider- 
able difficulties. They have shown cour- 
age, patience, ingenuity, skill and knowl- 
edge. They have much to teach us, per- 
haps more than we can do in return. If 
we can make this clear to ourselves, we 
will create a long-term feeling of friend- 
liness rather than a sensation of doubt- 
ful gratitude. Let us build better cooper- 
ation with our foreign colleagues. 


My term of office was a challenge and 
an opportunity. I have enjoyed my work 
for the secretaries of eye, ear, nose and 
throat societies, and I feel that my un- 
derstanding of our country’s good-neigh- 
bor policy has been immeasurably en- 


riched. 


ARCHIE CRUTHIRDS 
President 


4 
j 
> 
far 
a 
Fy 
" > 
> 
tig! 
m 
4 
aa 
si, 
4 
. 


News - - - Notes 


ALLERGY CONGRESS 


The Third International Congress of 
Allergy will convene in Paris, October 
19-26, sponsored by the International 
Association of Allergology and _ the 
French Allergy Association. The program 
will include symposia on asthma and 
emphysema, immunology, recent clinical 
advances, biochemical aspects, autoim- 
mune reactions, dermatology and socio- 
economic aspects. Short sectional papers 
will be given on all phases of allergy. 


The registration fee for allergists at- 
tending the Congress is $32.00; the fee 
for a relative is $15.00. For further 
information about the program or papers 
write Samuel M. Feinberg, M.D., 303 E. 
Chicago Ave., Chicago, or, if you are in 
Latin America, write Jose M. Quintero 
Fossas, M.D., Paseo 313, Vedado, Ha- 
vana, Cuba. In all other countries, and 
for information about and registration 
for the Congress, write Bernard N. Halp- 
ern, M.D., 197 Boulevard St. Germain, 
Paris 7. 


— 


OPHTHALMOLOGICAL CONGRESS 


The 43rd Annual Meeting of the Ox- 
ford Ophthalmological Congress will be 
held July 7-9, 1958, in the Lecture Hall 
of the School of Physiology, South Parks 
Road, Oxford, England. The topics to be 
discussed are “‘The Early Clinical Diag- 
nosis of Glaucoma,” Aetiology and 
Treatment of Uveitis,’’ and ‘“‘The Influ- 
ence of Vascular Changes in Progressive 
Failure of Vision.’’ 


ASSOCIATION FOR RESEARCH IN 
OPHTHALMOLOGY 
SOUTHERN SECTION 


Call For Papers 


The 1958 meeting of the Southern Sec- 
tion of the Association for Research in 
Ophthalmology will be held’ in New Or- 
leans, November 11, conjointly with the 
Eye, Ear, Nose and Throat Section of 
the Southern Medical Association. 


If you wish to present a paper before 
the Southern Section, contact A. E. 


Meisenbach, Jr., M.D., Secretary, South- 
XXV 


ern Section, Association for Research in 
Ophthalmology, 317 Medical Arts Bldg., 
Dallas 1. 


An abstract of 75 words or less is re- 
quired for publication in the official bul- 
letin of the Southern Medical Associa- 
tion. A second abstract, no word limit, 
can be submitted for publication in the 
Research Section of the American Jour- 
nal of Ophthalmology. The 75 word ab- 
stract must arrive by July 1, in order to 
meet the deadline set by the Southern 
Medical Association. 


SPECIAL PROGRAM IN ST. LOUIS 


A special one day program will be pre- 
sented by the Department of Ophthal- 
mology of the Saint Louis University 
School of Medicine, March 27, in honor 
of the twenty-fifth anniversary of its 
main teaching hospital, Firmin Desloge 
Hospital in St. Louis. Ophthalmologists 
throughout the country are especially in- 
vited to attend the program free of 
charge. It will be held in Miller Hall of 
the hospital. 


Dr. Bernard Becker, professor of oph- 
thalmology at Washington University, 
will speak about ‘“‘The Role of Electro- 
tonography in the Management of Glau- 
coma’; Dr. V. Everett Kinsey, assistant 
director of research at the Kresge Eye 
Institute in Detroit, will discuss ‘“‘Lens 
Metabolism in Normal and Diabetic Ani- 
mals’’: and Dr. Paul A. Chandler, asso- 
ciate professor of clinical ophthalmology 
at Harvard University, will discuss “‘Prac- 
tical Considerations in the Management 
of Narrow Angle Glaucoma.”’ 


One more guest, as yet unannounced, 
will speak, and Dr. Elmer J. Ballintine, 
senior instructor in the ophthalmology 
division, department of surgery, at West- 
ern Reserve, will be the guest speaker 
at the evening dinner meeting of the St. 
Louis Ophthalmological Society, which 
will conclude the session. Luncheon at 
Desloge Hospital will be provided free 
of charge. Send reservations to William 


H. Vogt, Jr., M.D., Chairman, Desloge 
Jubilee Committee, 1325 South Grand, 
St. Louis 4. 
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LARYNGOLOGY AWARD 


The Gould Award, this year $250.00, 
will be given by the William and Harriet 
Gould Foundation of Chicago to a re- 
cipient selected by an international com- 
mittee of laryngologists. The Award is 
presented for outstanding research in 
laryngology in order to encourage and 
reward fundamental investigations in 
this field. While it is given in recogni- 
tion of the completion of a specific re- 
search project, favorable attention will 
be given to investigators with a long- 
term interest in this subject. 


For further information, contact the 
nearest member of the committee: Sir 
Victor Negus, 149 Harley St., London, 
W.1: Prof. Cotohi Satta, M.D., No. 111 
Morikawacho, Bunkyo-ku, Tokyo: Prof. 
Dr. Eelco Huizinga, Academisch Ziek- 
enhuis, Afd. Keel-Neus-Oorheelkunde, 
Groningen, The Netherlands: or Hans 
von Leden, M.D., Medical Director, Wil- 
liam and Harriet Gould Foundation, 30 
N. Michigan Ave., Chicago 2. 


PUGET SOUND ACADEMY OFFICERS 


Dr. Willard Goff is the new president- 
elect of the Puget Sound Academy of 
Ophthalmology and Otolaryngology. Elec- 
tions were held at the annual President’s 
Meeting, January 11. Dr. James L. Har- 
gis was elected secretary-treasurer and 
Dr. George Drumheller was elected 
trustee. 


During the meeting, Dr. Lester G. 
Jones lectured on the lacrimal appara- 
tus. Five new members were given cer- 
tificates of fellowship in the Academy. 
At the close of the meeting the retiring 
president, Dr. E. DeMar Anderson, pre- 
sented the gavel to the incoming presi- 
dent, Dr. Edison G. Doriand. 


SCHOOL OF OPHTHALMOLOGY— 
CUBA 


The Foundation for the Teaching and 
Advancement of Ophthalmology (F. E. 
D. O.) announces that registration opened 
January 1 for the course for specialists 
in the diseases of the eyes. Applications 
must be received before March 31 and 
the chosen applicants must be in Ha- 
vana, Cuba, the day before the course 
begins (June 2). 

Dr. Tomas R. Yanes will direct the 
studies, with the cooperation of the pro- 
fessional body of the League Against 
Blindness. The classes, theoretical and 
practical, will be held in the hospital 
of the Institution. The two-year course 
is correlated with the program of the 
School of Ophthalmology. 

The number of first year students is 
limited to ten doctors selected from 
the Latin American countries. They 
must hold the degree of doctor of medi- 
cine, be at least 35 years old and have 
been out of medical school no more than 
five years, and have acceptable moral 
qualifications. 

The cost of the course is $500.00 (Cu- 
ban) each year, payable $250.00 each 
semester in advance. The students will 
have to take care of the cost of food, 
lodging and miscellaneous expense, as 
well as travel. Student loans are avail- 
able. 

Additional information can be secured 
from the Senior Director of the F.E.D.O., 
Liga Contra la Ceguera, Calzada de Co- 
lumbia 7601, Marianao, Havana, Cuba. 


IRISH OPHTHALMOLOGICAL SOCIETY 


The Irish Ophthalmological Society 
will hold its meeting in Dublin, May 1-3, 
1958. The Montgomery Lecture will be 
given by Prof. Dr. A. Hagedoorn of Am- 
sterdam in Trinity College, Dublin, on 
Thursday, May 1. 
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POSITIONS 


RESIDENCY AVAILABLE 


A two year residency is available in 
ophthalmology. The physician will be 
trained in general ophthalmology with 
special oportunities in ophthalmic plastic 
surgery. This salaried position will be- 
gin September 1, 1958, at the Hempstead 
General Hospital in Hempstead, N. Y. 


For information contact Wendell L. 
Hughes, M.D., 131 Fulton Ave., Hemp- 
stead, N. Y. 

OPHTHALMOLOGIST 


An ophthalmologist, Board certified or 
eligible for Board examination, is wanted 
to take over the practice of the late Dr. 


MANAGEMENT OF COMPLICATIONS 
IN EYE SURGERY: AVOIDANCE OF 


PITFALLS AND TREATMENT OF DIF- 
FICULT SITUATIONS IN OPHTHAL- 
MOLOGIC OPERATIONS. Edited by R. 
M. Fasanella, M.D., Chairman of the Section 
on Ophthalmology, Yale University School of 
Medicine. 422 pp. Lllustrated. $16.00. Pub- 
lished by W. B. Saunders Company, Phila- 
delphia. 


Designed to serve as a reference book, 
this volume of papers by twenty-three 
distinguished authors takes the place of 
reprints, journals, and texts on subjects 
that are of concern to the ophthalmic 
surgeon. Most chapters deal wtih com- 
plications in operative procedures that 
may not occur in the practice of an in- 
dividual enough times for him to be 
mindful of the circumstances in which 
they may develop and of the precautions 
that may be taken to avoid them. For 
the most part every chapter, each of 
which deals with a separate subject, is 
written by an ophthalmic surgeon whose 
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Fritz Nelson. The practice is 20 years old 
and includes an office with excellent 
equipment and library. The office is lo- 
cated in a residential area with ample 
parking space. For further information 
write to Mrs. Fritz Nelson, 1121 N. Te- 
jon, Colorado Springs, Colo. 


Listings of positions available should be sent to 
W. L. Benedict, M.D., 15 Second Street S.W., 
Rochester, Minn., by the fifth of the month preceding 
publication. They should include (1) type of physician 
wanted (ophthalmologist or otolaryngologist: diplomate, 
resident, etc.); (2) type of position to be filled; and 
(3) whom to write for further information. Unless 
otherwise requested, listings will be published only 
once. 


The Academy will handle no further correspondence 
beyond the listing and assume no _ responsibility. 


Neither does it endorse nor guarantee any of the 
published listings. 


name is associated with the subject in 
current literature. Stress is placed on 
the avoidance of pitfalls. It makes good 
reading for any eye surgeon, and he can 
profit from it by perusing the pertinent 
chapters before beginning the day’s sur- 
gical clinic. 


The book is well printed and illustrat- 
ed adequately. It is a very valuable ref- 


erence book. 


SURGERY OF THE HEAD AND NECK 
TUMORS. By Hayes Martin, M.D., attend- 
ing surgeon at Memorial Hospital; Associate 
Professor of Clinical Surgery, Cornell Uni- 
versity Medical College, New York. Cloth. 
$18.50. 430 pp., 599 illustrations. Published by 
Paul B. Hoeber, Inc., 49 East 33rd St., New 
York 16. 


This book is primarily addressed to the 
general surgeon, since it is the opinion of 
the author that this type of surgery re- 
quires a thorough training in general sur- 
gery. This is in agreement with a rising 
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sentiment of the American Board of Oto- 
laryngology, whose requirements for 
certification now include at least one year 
of residency in general surgery on an 
operative level. Otolaryngology has long 
felt the need for further training in gen- 
eral surgery to cope with the problems 
arising in neck resections, laryngecto- 
mies and removal of oral and pharyngeal 
tumors. Brain tumors are universally 
relegated to the neurosurgeon. 


A comprehensive description of oper- 
ations for all anatomic anomalies of the 
head and neck with the exception of 
brain tumors and eye tumors, is pro- 
fusely illustrated by drawings, many of 
which are of operations originating in 
the Head and Neck Service of the Me- 
morial Hospital. The surgical specialties 
of otolaryngology, ophthalmology and 
plastic surgery have their surgical di- 
visions that care for superficial lesions 
as minor surgery. Dental surgeons are 
gradually encroaching on the field hither- 
to divided between the general surgeon 
and the otolaryngologist, and now there 
are at least five surgical specialties over- 
lapping the field. This volume covers 
for all of them. Nearly all the described 
operations are currently in use, some 
fully accepted, others still on trial and 
under modification. The scope is compre- 
hensive in deep lesions and scanty in 
superficial ones. There is not much for 
the ophthalmologist. The first one hun- 
dred pages are devoted to historical 
notes, preoperative considerations, anes- 
thesia, technical considerations and cos- 
metic and functional disabilities. The 
balance of the book is an atlas of surgical 
drawings with explanatory text. General 
surgeons who operate in this head and 


TRANSACTIONS — JANUARY - FEBRUARY, 1958 


neck region and the more _ recently 
trained otolaryngologist will refer to this 
volume as a classic in the field. 


THE PHARMACOLOGIC PRINCIPLES 
OF MEDICAL PRACTICE. By John C. 
Krantz, Jr., Professor of Pharmacology, 
School of Medicine, University of Mary- 
land, and C. Jelleff Carr, Senior Research 
Pharmacologist, National Institute of Mental 
Health, former Professor of Pharmacology, 
Purdue University, and Professor of Phar- 
macology, School of Medicine, University of 
Maryland. Cloth. $14.00. 1,285 pp., with full 
index and illustrations (some in color), por- 
traits, cuts, diagrams and tables. Published by 
the Williams & Wilkins Company, Mount 


Royal and Guilford Avenues, Baltimore 2. 


This is the fourth edition of a well- 
known text on the Principles of Medical 
Practice since the first printing in 1949. 
Changes made include addition of new 
material, especially one chapter on 
Local Use of Drugs in the Ear, Eye, 
Nose and Throat, expansion and re- 
arrangement of former chapters for the 
better alignment of therapeutic agents 
with the fields of their greatest use. 
There are nine parts, each one embrac- 
ing a field of therapeutic interest accord- 
ing to systems. The origin of drugs, 
their preparation and mode of dispens- 
ing and use are briefly covered in each 
part—more completely in some sections 
than others. The part devoted to Ear, 
Eye, Nose and Throat covers a few ex- 
ternal inflammations and a list of com- 
monly used local preparations in eye, 
ear, nose and throat practice. This list is 
already half obsolete and contains few 
of the currently used drugs. The Prin- 
ciples are classic and very good reading. 
A comprehensive reference book of 
practical value in every physician’s office 
library. 

W. L. B. 
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TEACHING AIDS 
MANUALS 


PRICE 
RETINAL DETAC CriMENT, H. Arruga, eee $1.00 
CATARACT TYPES, F. Cordes se 1.00 
OUTLINE OF NEURO-OPHTHALMOLOGY, waa cas 1.00 
DESCRIPTION OF THE ORBIT, McCotter, ‘Fralick and Henderson........... 1.00 
DISTURBANCES OF OCULAR MOTILITY, Richard ER err 1.00 
EMBRYOLOGY OF THE HEAD AND NECK IN RELATION. TO THE 

PRACTICE OF OTOLARYNGOLOGY, Jack Davies. 1.00 
RADIOGRAPHIC ANATOMY OF THE TEMPORAL BONE, J. Brown Farrior... 1.00 
EXAMINATION OF THE LABYRINTH IN RELATION TO [TS 

PHYSIOLOGY AND DISEASES, 

NONSURGICAL COMPLICATIONS "OF OT OLARYNGOLOGIC SURGERY, 

MONOGRAPHS 
HELPFUL HINTS FOR HANDLING THE HEARING HANDICAPPED, 

PHYSIOLOGY OF THE LARYNX, J. J. Pressman ‘and George Kelemen........ .50 
THE EMBRYOLOGY OF THE EAR, NOSE, AND ene 

STRABISMUS: A SYMPOSIUM, Kenneth C. Swan, ‘et al. 0.50 
REFRACTION DIFFICULTIES 

ABSTRACTS 
Set contains outlines, briefs of instruction courses as presented at Academy meetings. Unbound. 
TRANSACTIONS 
Subscription: Per year, bimonthly publication. .......... $10.00 
BOUND VOLUMES 

Transactions: 

Records of meetings held 1917 through 1949. ..................- Ea. $1.50 

Tonometry——Tonography, Decennial Report (Bound) ................. Ea. 3.00 

FILMS — LANTERN SLIDES — FILM STRIPS 

THE EMBRYOLOGY OF THE EYE, a motion picture in color with sound. 

Available on one ree! or in two parts on two reels with metal containers 

176 Lantern Slides from above film, 2 x 2, in color 

Mounted in glass, with wooden filing 125.00 

Mounted in cardboard, with plastic and plywood filing box. Ra cc Ba die 75.00 
Film Strips, from above film, 32 mm. 

Set of six (176 frames), in color, in metal containers. ............. 25.00 
THE EMBRYOLOGY OF THE EAR, a motion picture in color with sound. On 

three reels with metal containers and mailing case... . . ~+++Per Print 500.00 


SEND ORDER WITH REMITTANCE TO 
W. L. BENEDICT, M.D., 15 SECOND STREET S.W., ROCHESTER, MINNESOTA 
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